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(57) ABSTRACT

The present technology relates to a sound reproducing
apparatus and method, and a program that enable sound
reproduction with high sound quality and excellent direc-
tivity characteristics at lower costs.

A sound reproducing apparatus includes: an amplification
unit that amplifies an acoustic signal; a plurality of electroa-
coustic transducers that output sound 1n accordance with the
acoustic signal output from the amplification unit, the elec-
troacoustic transducers having characteristics of a capacitive
load; and a switching unit that switches connections of the
clectroacoustic transducers to the amplification unit, to con-

nect one or a plurality of electroacoustic transducers among,
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the plurality of electroacoustic transducers to the amplifica-
tion unit. The present technology can be applied to a sound
reproducing apparatus, for example.
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FIG. 5
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SOUND REPRODUCING APPARATUS AND
METHOD, AND PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit under 35 U.S.C. § 371
as a U.S. National Stage Entry of International Application
No. PCT/IP2017/010869, filed 1n the Japanese Patent Oflice
as a Recerving Oflice on Mar. 17, 2017, which claims
priority to Japanese Patent Application Number JP2016-
072169, filed in the Japanese Patent Office on Mar. 31, 2016,
cach of which 1s hereby incorporated by reference in 1its
entirety.

TECHNICAL FIELD

The present technology relates to a sound reproducing
apparatus and method, and a program, and more particularly,
to a sound reproducing apparatus and method, and a pro-
gram that enable sound reproduction with high sound quality
and excellent directivity characteristics at lower costs.

BACKGROUND ART

When sound 1s reproduced, for example, a waveform
signal 1s converted into an electrical signal, and a drive
system 1s driven by the electrical signal, to emit the sound.

The conversion process for performing acoustic radiation
from an electronic circuit through an oscillation system 1s
called electroacoustic transduction, and elements and
devices that perform electroacoustic transduction are called
clectroacoustic transducers. For example, speakers, head-
phones, and the like are electroacoustic transducers.

Speakers that are widely used at the present time are
clectrodynamic or dynamic speakers. Speakers ol other
types 1nclude piezoelectric speakers, electrostatic speakers,
and the like.

An electroacoustic transducer of an electrodynamic type
takes advantage of the fact that, when an object electrified in
a vertical direction 1s placed in a uniform magnetic field,
force 1s generated 1n the object 1n a direction perpendicular
to the magnetic field and the current.

An acoustic signal has an alternating current and a vari-
able current direction. Therefore, the direction of the force
changes, and the object (an electrical conductor) vibrates
with the change. Such an electroacoustic transducer 1s called
a dynamic speaker.

Meanwhile, a piezoelectric electroacoustic transducer
takes advantage of the fact that, when voltage 1s applied
from an external power supply to a structure formed by
bonding a metal diaphragm to a piezoelectric crystal plate,
clectrostatic force acts on the positive and negative 1ons that
constitutes the piezoelectric crystal plate, and stress 1s gen-
crated to distort the crystal.

For example, the piezoelectric crystal plate 1s subjected to
stress that acts to widen the area. However, one side of the
piezoelectric crystal plate 1s constrained by the metal dia-
phragm, and therefore, the piezoelectric crystal plate
expands, to cause warpage in the metal diaphragm. Further,
i the voltage direction 1s reversed, the piezoelectric crystal
plate 1s subjected to stress that acts to narrow the area.
However, one side of the piezoelectric crystal plate 1is
constrained by the metal diaphragm. Therefore, the piezo-
clectric crystal plate shrinks, and the metal diaphragm warps
toward the opposite side. Such an electroacoustic transducer
1s called a piezoelectric speaker.
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Further, an electroacoustic transducer of an electrostatic
type takes advantage of the fact that an electrostatic field 1s
formed when a DC voltage 1s applied between an electrically
conductive diaphragm and a fixed plate that are brought
close to each other. If an alternating current that 1s an
acoustic signal 1s applied 1n this situation, the attractive force
of the electrostatic field changes due to the voltage change,
and the diaphragm moves. Such an electroacoustic trans-
ducer 1s called an electrostatic (capacitor) speaker.

Meanwhile, resistance indicates the degree of dithculty
for electricity to flow. If the resistance 1s high, electric
current hardly flows even when the same voltage 1s applied.
The resistance often depends on the frequency of an AC
voltage, and the resistance at each frequency 1s called
impedance.

In the meantime, a dynamic speaker requires a magnetic
circuit system such as a magnet as a component. Therefore,
the unit thickness and the unit weight of the dynamic speaker
exceed certain levels.

For example, in a case where the speaker 1s carried around
as a portable device, or where the speaker 1s attached to a
wall surface and 1s then used, thinness and lightness are
critical for the speaker to be commercialized. Further, in a
case where the speaker 1s used as an in-vehicle device 1n a
private vehicle or the like, thinness and lightness of the
speaker are also critical 1n commercialization.

Here, a piezoelectric speaker and an electrostatic speaker
have the advantage that both speakers are lighter than a
dynamic speaker, requiring no magnetic circuit systems.
However, there 1s a tendency that 1t 1s diflicult for a
piezoelectric speaker and an electrostatic speaker to secure
sound pressure 1 low frequency ranges.

To counter this, a method of increasing the speaker area
has been suggested as a method for increasing sound pres-
sure 1n low frequency ranges. However, 11 the speaker area
1s 1ncreased, manufacturing becomes difficult due to the
increase 1n size, and further, freedom 1n installation is lost.

On the other hand, a piezoelectric speaker and an elec-
trostatic speaker have capacitive impedance. In other words,
a piezoelectric speaker and an electrostatic speaker have
such characteristics that the impedance 1s high m low
frequency ranges and 1s low 1n high frequency ranges, unlike
the characteristics of a dynamic speaker whose impedance
stays within the range of 4 to 16 ohms 1n all frequency
ranges.

For example, in a case where a plurality of speakers are
driven, the impedance becomes even lower if the speakers
are connected in parallel, and, 1n a dynamic speaker, the
impedance in the audio band might become too low. In such
a case, 1I the impedance of the speakers 1s lower than the
output impedance of the amplifier, the current output to be
supplied to the speakers 1s restricted, and the performance of
the speakers and the amplifier 1s degraded.

Meanwhile, 1n the trend of a wider variety of uses of
speakers, there 1s a method of increasing the effects of
advertising by giving directivity to the sound to be output
outdoors for digital signage.

In addition, as for personal use, directivity 1s given so that
persons do not bother each other 1n a case where a plurality
of persons 1n the same house listen to different sounds at the
same time, directivity 1s given 1n a navigation system that 1s
to give warnings only to the driver 1n a vehicle, or the like,
for example.

In such cases, 11 the volume of sound 1s simply 1ncreased,
the sound becomes nothing more than noise for the others,
and 1t cannot be said that a preferred audio environment 1s
successiully provided.
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In view of this, techniques for realizing sound reproduc-
tion having directivity have been suggested.

For example, a parametric speaker specialized i direc-
tivity has been suggested as such a technique (see Patent
Document 1, for example). With this technique, a plurality
of ultrasonic transducers are provided to improve the direc-
tivity characteristics of ultrasonic waves. In addition, as for
the material of ultrasonic transducer speakers, a piezoelec-
tric material or an electrostatic material 1s used, and a
plurality of ultrasonic transducer speakers are connected in
parallel.

Further, a speaker system has also been suggested as a
technique for realizing sound reproduction having directiv-
ity. In the speaker system, a plurality of dynamic speakers
are used, and the dynamic speakers are disposed linearly and
densely, to improve directivity characteristics (see Patent
Document 2, for example).

CITATION LIST

Patent Documents

Patent Document 1: Japanese Patent Application Laid-
Open No. 2011-234248

Patent Document 2: Japanese Patent Application Laid-
Open No. 2006-304128

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

However, with the above described techniques, it 1s
difficult to realize sound reproduction with high sound
quality and excellent directivity characteristics at lower
COSTs.

For example, the parametric speaker disclosed in Patent
Document 1 cannot perform sound reproduction with high
sound quality. Therefore, this technique cannot be consid-
ered suitable for audio usage. That 1s, the parametric speaker
can be used only for limited purposes.

Also, with the technique disclosed 1n Patent Document 2,
the number of amplifiers required for each channel 1s large,
resulting 1n higher costs. That 1s, according to the technique
disclosed 1n Patent Document 2, 1t 1s necessary to provide
amplifiers for the respective dynamic speakers that are
linearly arranged.

The present technology has been made 1n view of such
circumstances, and aims to realize sound reproduction with
higher sound quality and excellent directivity characteristics
at lower costs.

Solutions to Problems

A sound reproducing apparatus according to a first aspect
ol the present technology includes: an amplification unit that
amplifies an acoustic signal; a plurality of electroacoustic
transducers that output sound 1n accordance with the acous-
tic signal output from the amplification unit, the electroa-
coustic transducers having characteristics of a capacitive
load; and a switching unit that switches connections of the
clectroacoustic transducers to the amplification unit, to con-
nect one or a plurality of electroacoustic transducers among,
the plurality of electroacoustic transducers to the amplifica-
tion unit.

The sound reproducing apparatus may further include an
instruction unit that outputs instruction nformation for
controlling directivity, and the switching unit may switch
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4

connections of the electroacoustic transducers 1n accordance
with the istruction information.

The switching umit may connect a plurality of the elec-
troacoustic transducers in parallel to the amplification unat.

The sound reproducing apparatus may further include a
signal processing umit that performs signal processing on the
acoustic signal, in accordance with the 1nstruction informa-
tion.

In accordance with the instruction information, the signal
processing unit may perform the signal processing depend-
ing on the characteristics, the number, or the positions of the
clectroacoustic transducers connected to the amplification
unmit by the switching unait.

In accordance with the instruction mformation, the signal
processing unit may further perform a protection process to
protect the electroacoustic transducers connected to the
amplification unit by the switching unait.

The signal processing unit may perform a process of
attenuating a component of the acoustic signal as the pro-
tection process, the component being not lower than a
predetermined frequency.

The sound reproducing apparatus may further include an
clectroacoustic transduction unit formed with a plurality of
subunits overlapped on one another, each of the subunits
being formed with a plurality of the electroacoustic trans-
ducers aligned. The switching unit may switch the connec-
tions of the electroacoustic transduction unit so that one or
a plurality of electroacoustic transducers among the elec-
troacoustic transducers constituting the electroacoustic
transduction unit are connected to the amplification unit.

The sound reproducing apparatus may further include a
detection unit that detects a user near the sound reproducing
apparatus, and the instruction unit outputs the instruction
information corresponding to a result of the detection per-
formed by the detection unait.

A sound reproduction method or a program according to
the first aspect of the present technology 1s a sound repro-
duction method implemented or a program executed in a
sound reproducing apparatus that includes: an amplification
unit that amplifies an acoustic signal; a plurality of electroa-
coustic transducers that output sound 1n accordance with the
acoustic signal output from the amplification unit, the elec-
troacoustic transducers having characteristics of a capacitive
load; and a switching unit that switches connections of the
clectroacoustic transducers to the amplification unit, to con-
nect one or a plurality of electroacoustic transducers among,
the plurality of electroacoustic transducers to the amplifica-
tion unit. The sound reproduction method or the program
includes steps of: the amplification unit amplitying the
acoustic signal; the switching unit switching connections of
the electroacoustic transducers; and the electroacoustic
transducers outputting sound 1n accordance with the acoustic
signal.

According to the first aspect of the present technology, a
sound reproducing apparatus includes: an amplification unit
that amplifies an acoustic signal; and a plurality of electroa-
coustic transducers that output sound 1n accordance with the
acoustic signal output from the amplification unit, the elec-
troacoustic transducers having characteristics of a capacitive
load. In the sound reproducing apparatus, the connections of
the electroacoustic transducers to the amplification unit are
switched so that one or a plurality of electroacoustic trans-
ducers among the plurality of electroacoustic transducers are
connected to the amplification unait.

A sound reproducing apparatus according to a second
aspect of the present technology, a sound reproducing appa-
ratus includes: an amplification unit that amplifies an acous-
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tic signal; an electroacoustic transduction unit that has
characteristics of a capacitive load, and outputs sound 1n
accordance with the acoustic signal output from the ampli-
fication unit; and a movable unit that moves the electroa-
coustic transduction unit.

The sound reproducing apparatus may further include an
instruction unit that outputs instruction nformation for
controlling directivity, and the movable unit may move the
clectroacoustic transduction unit in accordance with the
instruction information.

The electroacoustic transduction unit may be movable at
least 1n a first direction and a second direction that are
perpendicular to each other.

The electroacoustic transduction unit may be disposed to
hide part of or all the electroacoustic transduction unit
behind a shielding member when viewed from a predeter-
mined direction, and the movable unit may change the
relative position of the electroacoustic transduction unit with
respect to the shielding member.

The electroacoustic transduction unit may include a plu-
rality of electroacoustic transducers that output sound in
accordance with the acoustic signal output from the ampli-
fication unit, the electroacoustic transducers having charac-
teristics of a capacitive load. The sound reproducing appa-
ratus may further include a switching unit that switches the
connections of the electroacoustic transducers to the ampli-
fication unit so that one or a plurality of electroacoustic
transducers among the plurality of electroacoustic transduc-
ers are connected to the amplification unait.

The electroacoustic transduction unit may be formed with
a plurality of subunits overlapped on one another, each of the
subunits being formed with a plurality of the electroacoustic
transducers aligned.

The sound reproducing apparatus may further include a
detection unit that detects a user near the sound reproducing
apparatus, and the instruction unit outputs the instruction
information corresponding to a result of the detection per-
formed by the detection unait.

The sound reproducing apparatus may further include a
signal processing unit that performs signal processing on the
acoustic signal, 1n accordance with the instruction informa-
tion.

A sound reproduction method or a program according to
the second aspect of the present technology 1s a sound
reproduction method implemented or a program executed in
a sound reproducing apparatus that includes: an amplifica-
tion unit that amplifies an acoustic signal; an electroacoustic
transduction unit that has characteristics of a capacitive load
and outputs sound 1n accordance with the acoustic signal
output from the amplification unit; and a movable unit that
moves the electroacoustic transduction unit. The sound
reproduction method or the program includes steps of: the
amplification unit amplifying the acoustic signal; the mov-
able unit moving the electroacoustic transduction unit; and
the electroacoustic transduction unit outputting sound in
accordance with the acoustic signal.

According to the second aspect of the present technology,
a sound reproducing apparatus includes: an amplification
unit that amplifies an acoustic signal; and an electroacoustic
transduction unit that has characteristics of a capacitive load,

and outputs sound in accordance with the acoustic signal
output from the amplification unit. In the sound reproducing
apparatus, the electroacoustic transduction unit 1s moved by
a movable unit.
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‘ects of the Invention

[T

According to the first and second aspects of the present
technology, 1t 1s possible to realize sound reproduction with
higher sound quality and excellent directivity characteristics
at lower costs.

It should be noted that the effects of the present technol-
ogy are not limited to the effects described herein, and may

include any of the effects described 1n the present disclosure.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram showing an example configuration of
a sound reproducing apparatus.

FIG. 2 15 a flowchart for explaining a sound reproduction
pProcess.

FIG. 3 1s a diagram showing an example application of the
present technology to a display.

FIG. 4 1s a diagram showing an example application of the
present technology to an in-vehicle sound reproducing appa-
ratus.

FIG. 5§ 1s a diagram for explaining directivity of sound.

FIG. 6 1s a diagram for explaining directivity of sound.

FIG. 7 1s a diagram for explaining the relationship
between the number of speakers and sound pressure.

FIG. 8 1s a diagram for explaining the relationship
between the number of speakers and sound pressure.

FIG. 9 1s a diagram for explaiming the impedance of a
speaker.

FIG. 10 1s a diagram for explaining the impedance of the
speaker.

FIG. 11 1s a diagram showing an example configuration of
a sound reproducing apparatus.

FIG. 12 1s a flowchart for explaining a sound reproduction
Process.

FIG. 13 1s a diagram showing an example application of
the present technology to a television receiver.

FIG. 14 1s a diagram showing an example application of
the present technology to a television receiver.

FIG. 15 1s a diagram for explaining directivity of

FIG. 16 1s a diagram for explaining directivity of

FIG. 17 1s a diagram for explaining directivity of sound.

FIG. 18 1s a diagram for explaining directivity of sound.

FIG. 19 1s a diagram showing an example configuration of
a computer.

sound.
sound.

MOD.

FOR CARRYING OUT THE

INVENTION

(L]

The following 1s a description of embodiments to which
the present technology 1s applied, with reference to the
drawings.

First Embodiment
Example Configuration of a Sound Reproducing
Apparatus

The present technology aims to realize sound reproduc-
tion with high sound quality and excellent directivity char-
acteristics at lower costs, by connecting a plurality of
speakers having the characteristics of a capacitive load, and
switching one or a plurality of speakers to be the supply
destinations of an acoustic signal of one channel as appro-
priate. As a result, users can receive services relating to
sound reproduction 1n a preferred manner.
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FIG. 1 1s a diagram showing an example configuration of
an embodiment of a sound reproducing apparatus to which
the present technology 1s applied.

The sound reproducing apparatus 11 shown 1 FIG. 1
includes an instruction unit 21, a signal processing unit 22,
an amplifier 23, a switching unit 24, and a speaker unit 25.

The mstruction unit 21 supplies the signal processing unit
22 and the switching unit 24 with instruction information for
controlling the directivity and the like of the sound to be
reproduced by the speaker unit 25. Note that the instruction
information may be generated by the instruction unit 21, or
may be acquired from the outside by the instruction unit 21.

The acoustic signal of one channel 1s supplied from the
outside to the signal processing unit 22. Here, the acoustic
signal to be supplied to the signal processing unit 22 1s a
signal for reproducing sound such as a tune, human voice, or
the sound of content, for example.

In accordance with the instruction mformation supplied
from the instruction umt 21, the signal processing unit 22
performs various kinds of signal processing on the exter-
nally supplied acoustic signal, and supplies the acoustic
signal subjected to the signal processing to the amplifier 23.

The signal processing unit 22 includes an acoustic char-

acteristics correction unit 31 and a high-frequency protec-
tion unit 32.

In accordance with the instruction imnformation supplied
from the instruction unit 21, the acoustic characteristics
correction unit 31 performs an acoustic characteristics cor-
rection process on the externally supplied acoustic signal,
and supplies the acoustic signal to the high-frequency pro-
tection unit 32. In accordance with the 1nstruction informa-
tion supplied from the nstruction umt 21, the high-fre-
quency protection unmit 32 performs a high-frequency
protection process lfor protecting the speaker unit 25 and the
amplifier 23, on the acoustic signal supplied from the
acoustic characteristics correction unit 31, and supplies the
acoustic signal to the amplifier 23.

In the signal processing umt 22, the acoustic character-
1stics correction process by the acoustic characteristics cor-
rection unit 31 and the high-frequency protection process by
the high-frequency protection unit 32 are performed as
signal processing on the acoustic signal.

The amplifier 23 amplifies the acoustic signal supplied
from the high-frequency protection umt 32, and supplies the
amplified signal to the switching unit 24. The switching unit
24 switches output destinations of the acoustic signal sup-
plied from the amplifier 23, 1n accordance with the mnstruc-
tion information supplied from the instruction unit 21.

Specifically, the switching umt 24 includes n switches
41-1 through 41-n. The switching unit 24 switches on or off
the switches 41-1 through 41-» i1n accordance with the
instruction information, to switch output destinations of the
acoustic signal.

The speaker unit 25 1s an electroacoustic transduction unit
that 1s formed with n (n=2) speakers 51-1 through 51-7
arranged 1n a predetermined layout, and performs sound
reproduction 1n accordance with the acoustic signal supplied
from the switching unit 24.

In the speaker unit 25, each of the speakers 51-1 through
51-n 1s connected to the amplifier 23 via each corresponding
one of the switches 41-1 through 41-n.

Note that 1n the description below, the switches 41-1
through 41-» will be also referred to simply as the switches
41 unless 1t 1s necessary to specifically distinguish the
switches 41-1 through 41-» from one another, and the
speakers 31-1 through 51-» will be also referred to simply a

5

10

15

20

25

30

35

40

45

50

55

60

65

8

the speakers 51 unless 1t 1s necessary to specifically distin-
guish the speakers 31-1 through 51-» from one another.

In the following, the respective components of the sound
reproducing apparatus 11 are described 1n greater detail.

Each speaker 51 1s an electroacoustic transducer with
capacitive load characteristics, such as an electrostatic
speaker or a piezoelectric speaker, which 1s a speaker having
a capacitive impedance, for example.

Each speaker 51 having such capacitive load character-
istics can perform sound reproduction with high sound
quality. However, 1f the area of the speaker 51, or more
specifically, the area of the diaphragm portion of the speaker
51 1s small, 1t might be difficult for the speaker 51 to secure
a suilicient low-frequency sound pressure.

The n speakers 51 constituting the speaker unit 25 are
arranged 1n an approprate layout, such as a matrix form or
a linear shape, for example.

Note that a plurality of speakers 351 arranged 1n a plane
may be set as a subunit, and a plurality of subunits arranged
in a direction perpendicular to the plane 1 an overlapping
manner may be set as the speaker unit 235, to secure a
suflicient low-frequency sound pressure at a time of sound
reproduction. In this case, as a plurality of subunits are
arranged 1n an overlapping manner, low-frequency sound
pressure can be secured without any increase 1n the area of
the speaker umt 25.

In the sound reproducing apparatus 11, a plurality of
speakers 51 are provided for each channel, and which
speaker 51 among the n speakers 51 1s to receive an acoustic
signal, or which speaker 51 1s to be used for sound repro-
duction, depends on the connection states of the respective
switches 41.

In this example, a plurality of speakers 31 are connected
to the single amplifier 23 via the switches 41.

For example, when a switch 41 1s turned on, or when a
switch 41 1s put into a connected state, the speaker 51
connected to the switch 41 and the amplifier 23 are electr-
cally connected to each other, and the acoustic signal output
from the amplifier 23 1s supplied to the speaker 51 via the
switch 41.

On the other hand, when a switch 41 1s turned off, or when
a switch 41 1s put 1nto an open state (a disconnected state),
the speaker 51 connected to the switch 41 and the amplifier
23 are electrically disconnected from each other, and the
acoustic signal output from the amplifier 23 1s not supplied
to the speaker 51.

By controlling the connection states of the n switches 41
in accordance with the instruction information, the switch-
ing unit 24 can connect a plurality of speakers 31 in parallel
to the single amplifier 23, or connect only one speaker 51 to
the single amplifier 23. In this manner, the switching unit 24
controls the switches 41 so that one or more speakers 51 of
the n speakers 51 constituting the speaker unit 23 are
clectrically connected to the amplifier 23, and thus switches
connections of the respective speakers 51 to the amplifier 23.

Note that, although a case where all the n speakers 51 are
connected to the single amplifier 23 has been described
herein, 1t 1s also possible to provide a plurality of amplifiers
in the sound reproducing apparatus 11 so that some of the n
speakers can be connected 1n parallel to each of the ampli-
fiers.

Specifically, the amplifier 23 and other amplifiers may be
connected 1n parallel to the high-frequency protection unit
32, and m (n>m) speakers 51 may be connected to the
amplifier 23 via the switching umt 24 while the remaining
(n—m) speakers 51 are connected to the other amplifiers via
the switching umt 24, for example.
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Further, although the switching unit 24 connects the
speakers 51 to the amplifier 23 with the switches 41, or
disconnects the speakers 351 to the amplifier 23 with the
switches 41 1n the example described herein, the switching
unit 24 may have any configuration, as long as desired
characteristics can be achieved.

In addition to that, the switching unit 24 may be formed
with an attenuation circuit capable of attenuating an acoustic
signal, a circuit capable of changing the phase of an acoustic
signal, and the like, for example. Specifically, 1n a case
where the switching unit 24 1s provided with an attenuation
circuit, the attenuation circuit appropriately attenuates an
acoustic signal so that the connection between the amplifier
23 and the speakers 51 connected to the attenuation circuit
can be substantially put into an unconnected state.

Further, the instruction information output by the mnstruc-
tion unit 21 may be information for controlling the direc-
tivity of the sound to be reproduced by the speaker unit 25,

or the like, for example.

Specifically, the mnstruction information may be informa-
tion for restricting the directivity of the sound to be repro-
duced by the speaker unit 25 to a specific direction such as
a horizontal direction, a vertical direction, or an oblique
direction, for example. In this case, with the instruction
information, 1t 1s possible to change not only the direction to
which the directivity 1s restricted, or the direction 1n which
directivity 1s to be given, but also the strength of the
directivity.

In a case where the directivity at a time of sound repro-
duction 1s controlled with the 1nstruction information in this
manner, the switching unit 24 selects the speaker 51 to be
used for the sound reproduction i accordance with the
instruction imformation, and changes the connection states of
the switches 41 1n accordance with the selection result.

In the example case described below, a plurality of
speakers 51 are linearly arranged, and sound reproduction 1s
performed with only the speakers 51 arranged adjacent to
one another among the speakers 51, for example.

It 1s known that, 11 the number of the speakers 51 to be
used for sound reproduction 1s increased in this case, or if the
length of the speaker array formed with the speakers 51 that
reproduce sound 1s 1ncreased in this case, the directivity of
the sound in the direction of the speaker array, or in the
direction in which the speakers 351 are aligned, becomes
higher.

Therefore, the switching umt 24 selects the speakers 51 to
be used for reproduction, in accordance with the direction in
which directivity 1s to be given and the strength of the
directivity in that direction as indicated by the instruction
information supplied from the instruction unit 21. The
switching unit 24 then electrically connects only the selected
speakers 31 to the amplifier 23. As a result, sound repro-
duction can be performed with desired directivity charac-
teristics. In other words, sound reproduction with excellent
directivity characteristics can be realized.

Note that, hereinafter, the length 1n a predetermined
direction of a speaker group formed with one speaker 51 or
a plurality of speakers 51 arranged adjacent to one another
will be also referred to as a speaker length 1n that direction.

As described above, when being instructed to give direc-
tivity 1n a predetermined direction through the instruction
information, the switching unit 24 selects the speakers 51 to
be used for sound reproduction so that the speaker length in
the direction 1n which directivity 1s to be given becomes
long, and controls the connection states of the switches 41
in accordance with the selection result.
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Alternatively, the instruction information may be infor-
mation for increasing or decreasing the sound pressure of the
sound 1n the reproduction space, information designating the
position ol output of the sound or the positions of the
speakers 51 to be made to output the sound, information
designating the region to be the output destination of the
sound 1n the reproduction space, or the like, for example.

In this case, the switching unit 24 selects the speakers 51
to be used for sound reproduction in accordance with the
instruction information, for example, and changes the con-
nection states of the switches 41 in accordance with the
selection result.

Specifically, mn a case where mstruction information for
increasing sound pressure 1s supplied, for example, the
switching unit 24 selects the speakers 51 to be used for
sound reproduction so that the largest possible number of
speakers 31 will be used for sound reproduction. Alterna-
tively, 1n a case where instruction information for outputting
sound to a specific region 1 the reproduction space 1s
supplied, for example, the switching unmit 24 selects a
necessary number of speakers 51 located close to the spe-
cific region or speakers 51 directed toward the specific
region, and controls the connection states of the switches 41
so that sound will be output from the selected speakers 31.

Through such control, the sound pressure at a desired
position in the reproduction space can be set as a target
sound pressure, sound can be output from the speaker(s) 51
located at a predetermined height, or sound can be output to
a specific region 1n the reproduction space, for example.

Further, the instruction information may be information
for controlling distant audibility, which 1s the straightness of
the sound to be reproduced, or for controlling the frequency
characteristics of the sound to be reproduced, such as high
frequency emphasis. Also 1n this case, the switching umt 24
selects the speakers 51 to be used for sound reproduction 1n
accordance with the instruction information, and changes
the connection states of the switches 41 1n accordance with
the selection result. Thus, desired straightness or desired
frequency characteristics can be achieved.

Note that the instruction information may of course be
information indicating combinations of directivity control,
sound pressure control, sound output position control, sound
straightness control, frequency characteristics control, and
the like.

In accordance with the instruction information supplied
from the instruction unit 21, the acoustic characteristics
correction unit 31 also performs a process of correcting the
acoustic characteristics of the acoustic signal so that pret-
erable sound quality for the purpose indicated by the mstruc-
tion mformation can be achieved.

Specifically, in a case where information for giving direc-
tivity 1n a predetermined direction 1s output as the mnstruc-
tion information from the instruction umt 21, for example,
the switching unit 24 selects the speakers 51 according to the
instruction information as the speakers 31 to be used for
sound reproduction.

In this case, the acoustic characteristics correction unit 31
performs a waveform equalization process on the acoustic
signal, using a {filter coetlicient determined beforehand in
accordance with the characteristics of the respective speak-
ers 51 to be used for sound reproduction, and the number and
the positions ol the speakers 51 to be used for sound
reproduction. That 1s, a filtering process using a filter coet-
ficient 1s performed, so that wavelform equalization 1s per-
formed as a process for correcting acoustic characteristics.

Here, 1n the acoustic characteristics correction unit 31, the
filter coetlicient to be used 1s determined beforehand for the
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values 1n the instruction information or the like, for example.
In addition, the filter coeflicient 1s the optimum coeflicient
for the characteristics, the number, and the positions of the
speakers 51 to be used for sound reproduction, which are
determined by the mstruction mformation.

That 1s, the frequency characteristics, the phase, and the
sound pressure of the sound to be reproduced vary depend-
ing on the characteristics, the number, and the positions of
the speakers 51 to be used for sound reproduction, for
example. Therefore, 1n the acoustic characteristics correc-
tion unit 31, an approprate filter coethicient 1s selected in
accordance with the instruction information so that the
frequency characteristics, the phase, the sound pressure, and
the like are appropriately corrected, and a wavetorm equal-
1zation process 1s then performed with the use of the filter
coellicient.

Note that the acoustic characteristics correction unit 31
only needs to be able to obtain sound with appropriate sound
quality for the purpose indicated by the instruction infor-
mation. For example, 1n the acoustic characteristics correc-
tion unit 31, a filtering process may be performed on the
acoustic signal so as to give mverse characteristics to the
frequency characteristics determined by the characteristics,
the number, and the positions of the speakers 51 to be used
for sound reproduction, and amplitude characteristics and
phase characteristics may be corrected.

Also, 1n the acoustic characteristics correction unit 31,
cach frequency component of the acoustic signal may be
corrected so that the human voice 1s emphasized for easier
hearing, for example. In other words, the acoustic charac-
teristics correction unit 31 may perform correction to give
frequency characteristics that make a navigation voice or the
like easier to hear.

Further, in the sound reproducing apparatus 11, a plurality
of speakers 51 can be connected in parallel to one amplifier
23 for each channel of acoustic signals.

In a case where a plurality of speakers 51 are driven, the
impedance 1n the audio band of the speakers 51 having the
characteristic of a capacitive load 1s sufliciently greater than
that 1n a high frequency band. Accordingly, a larger number
of speakers 51 than dynamic speakers can be connected 1n
parallel.

Therefore, to secure a suflicient low-frequency sound
pressure, the speaker area, which 1s the total area of the
diaphragm portions of the speaker group formed with a
plurality of speakers 51, i1s increased. With such arrange-
ment, the plurality of speaker 51 having a size for which
manufacturing and attachment are taken into consideration
can be connected in parallel and be driven.

Since the speakers 31 each have the characteristic of a
capacitive load, a sufliciently high impedance 1s substan-
tially secured in the audio band of one speaker 51 of the
speaker unit 25. In addition to that, the speakers 51 are
connected 1n parallel to the amplifier 23, and therefore, the
impedance of the speakers 51 decreases. However, 1t 1s still
possible to secure a sufliciently high impedance as required.

The impedance of these speakers 51 and the impedance to
be secured vary depending on factors such as the number
and the area of the plurality of mounted speakers 51, the
required sound pressure, and the directivity characteristics,
in addition to the differences of the amplifier 23 and the
speakers 51.

Note that, even 1f amplifiers are provided for the respec-
tive speakers 51 as in the configuration of a conventional
dynamic speaker, the sound reproducing apparatus 11 can
still perform sound reproduction with high sound quality and
excellent directivity characteristics.
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Further, in addition to the acoustic characteristics correc-
tion unit 31, the high-frequency protection unit 32 for
protecting the speaker unit 25 and the amplifier 23 1s
provided in the signal processing unit 22.

For example, in a case where a plurality of speakers 51
having the characteristics of a capacitive load are driven to
increase the sound pressure at a time of sound reproduction,
the load on the amplifier 23 becomes smaller. At this stage,
if the impedance of the speakers 31 1s lower than the output
impedance of the amplifier 23 at high frequency, the current
output to be supplied to the speakers 51 1s restricted, and the
performance of the speaker 51 1s degraded.

For example, 1n a case where information for giving
directivity 1n a specific direction or changing sound pressure
1s output as the instruction information from the 1nstruction
unmt 21, the speakers 51 to be used for sound reproduction
are selected 1n accordance with the instruction information,
and are electrically connected to the amplifier 23.

At this stage, the high-frequency protection unit 32 per-
forms a high-frequency protection process for appropriately
protecting the speaker 51 and the amplifier 23, 1n accordance
with the number of the speakers 51 to be used for sound

reproduction and the characteristics and the like of the
speakers 51.

Specifically, the high-frequency protection unit 32 may be
formed with a low-pass {ilter or a band-pass filter that cuts
ofl the high frequency range of an acoustic signal, for
example. The high-frequency protection unit 32 can protect
the speakers 51 and the amplifier 23 by attenuating the
ultrahigh-frequency components such as components over
20 kHz 1n the acoustic signal.

Note that, in the example described herein, the high-
frequency protection unit 32 1s formed with a filter such as
a low-pass filter or a band-pass filter, and the high-frequency
protection unit 32 performs a filtering process on an acoustic
signal. However, the high-frequency protection unit 32 may
be formed with some other structure, such as a protection
resistor added (connected) 1n series between the speakers 51
and the amplifier 23. In such a case, a 4-ohm resistor 1s
provided as the high-frequency protection umit 32, for
example, so that the mmmimum 1mpedance can be guaran-
teed, though there 1s power loss and heat generation.

In addition to the above, the speakers 51 have the char-
acteristic of a capacitive load. Therefore, the amplifier 23
preferably has a high output voltage, and 1s preferably
capable of applying a large current.

Further, the sound reproducing apparatus 11 has a con-
figuration for reproducing an acoustic signal of one channel
in the example case described with reference to FIG. 1, but
may have a configuration for reproducing an acoustic signal
ol a plurality of channels. In such a case, the same number
of sets of the mstruction unit 21 through the speaker unit 25
as the number of the channels to be reproduced are provided
in the sound reproducing apparatus 11, for example.

Description of a Sound Reproduction Process

Next, operation of the sound reproducing apparatus 11 1s
described. Specifically, referring now to the flowchart in
FIG. 2, a sound reproduction process to be performed by the
sound reproducing apparatus 11 1s described below.

In step S11, the mnstruction unit 21 generates nstruction
information or acquires instruction mformation as appropri-
ate, and outputs the acquired instruction information to the
acoustic characteristics correction unit 31, the high-fre-
quency protection unit 32, and the switching unit 24.
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Here, as described above, the instruction mformation may
be information for controlling the direction 1n which direc-
tivity 1s to be given and the intensity of the directivity,
information for controlling sound pressure, information for
controlling the output position of sound, information desig-
nating the region to be the output destination of sound 1n the
reproduction space, mnformation for controlling frequency
characteristics, and the like, for example.

In step S12, the acoustic characteristics correction unit 31
performs signal processing on an acoustic signal supplied
from the outside, 1n accordance with the instruction infor-
mation supplied from the instruction unit 21.

Specifically, the acoustic characteristics correction unit 31
selects a filter coeflicient in accordance with the character-
1stics, the number, and the positions of the speakers 51 that
are selected by the switching unit 24 1n accordance with the
instruction mformation and are to be used for sound repro-
duction. The acoustic characteristics correction unit 31 then
performs a filtering process on the acoustic signal, using the
selected filter coeflicient. By doing so, the acoustic charac-
teristics correction unit 31 performs processing such as
wavelorm equalization on the acoustic signal, and supplies
the resultant acoustic signal to the high-frequency protection
unit 32.

In step S13, the high-frequency protection unit 32 per-
forms a high-frequency protection process on the acoustic
signal supplied from the acoustic characteristics correction
unit 31, and supplies the resultant acoustic signal to the
amplifier 23.

For example, the high-frequency protection unit 32
selects a filter coeflicient 1n accordance with the character-
istics, the number, and the positions of the speakers 51 that
are selected by the switching unit 24 1n accordance with the
instruction mformation and are to be used for sound repro-
duction. The high-frequency protection unit 32 then per-
forms a filtering process on the acoustic signal with the
selected filter coetlicient, to attenuate components equal to
or higher than a predetermined frequency in the high fre-
quency range of the acoustic signal.

In step S14, the amplifier 23 amplifies the acoustic signal
supplied from the high-frequency protection unit 32, and
supplies the amplified acoustic signal to the switching unit
24.

In step S15, the switching unit 24 selects the speakers 51
to be used for sound reproduction in accordance with the
instruction mformation supplied from the instruction unit
21, and switches connections between the respective speak-
ers 51 and the amplifier 23 1n accordance with the selection
result.

Specifically, the switching umt 24 selects the speakers 51
to be used for sound reproduction, in accordance with the
purpose 1ndicated by the instruction information. The
switching umt 24 then electrically connects the selected
speakers 51 to the amplifier 23 by turning on the switches 41
connected to the selected speakers 51, and also electrically
disconnects the unselected speakers 51 from the amplifier 23
by turning off the switches 41 connected to the unselected
speakers 51.

As a result, only the speakers 51 to be used for sound
reproduction are connected in parallel to the amplifier 23,
and the acoustic signal output from the amplifier 23 is
supplied to the speakers 51 to be used for sound reproduc-
tion via the switches 41 that have been turned on. As the
speakers 51 unnecessary for sound reproduction are electri-
cally disconnected from the amplifier 23 1n this manner, 1t 1s
possible to prevent the impedance of the parallel-connected
speakers 51 from becoming lower than necessary.
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Note that the processing 1n step S15 may be performed at
any timing after the processing 1n step S11 1s performed and

betore the processing 1n step S16 1s performed.

In step S16, the speakers 51 reproduce sound 1n accor-
dance with the acoustic signal supplied from the amplifier
23, and the sound reproduction process then comes to an
end.

Specifically, each speaker 51 to which the acoustic signal
1s supplied outputs sound waves in accordance with the
supplied acoustic signal, to realize sound reproduction with
desired directivity characteristics, frequency characteristics,
and the like. Thus, the listener (user) can listen to excellent
sound suitable for the purpose.

As described above, the sound reproducing apparatus 11
selects the speakers 51 to be used for sound reproduction 1n
accordance with instruction information, and performs
sound reproduction by connecting only the selected speakers
51 1n parallel to the amplifier 23.

By virtue of this configuration, 1t 1s possible to realize
sound reproduction with high sound quality and excellent
directivity characteristics at low costs, using the speakers 51
having the characteristics of a capacitive load. Particularly,
in the sound reproducing apparatus 11, it 1s possible to easily
achieve desired directivity characteristics by selectively
using one or a plurality of speakers 51 for sound reproduc-
tion. That 1s, directivity can be controlled 1n a preferred
mannet.

It 1s also possible to selectively connect a plurality of
speakers 51 1n parallel. Accordingly, suflicient sound pres-
sure¢ 1 a low frequency range can be secured even 1f
relatively small speakers are used as the respective speakers
51. Thus, 1t 1s possible to realize sound reproduction with
high sound quality at low costs. In other words, where
relatively small speakers 51 are used, 1t 1s possible not only
to lower the manufacturing costs of the speakers 51 and
increasing the vyield, but also to increase the degree of
freedom 1n arranging and mounting the speakers 51 and the
like.

Further, 1n the sound reproducing apparatus 11, a plurality
of speakers 51 can be selectively connected 1n parallel to the
amplifier 23. Accordingly, there 1s no need to prepare a
plurality of amplifiers 23, and cost reduction can be realized.

Specific Example Application of the Present
Technology

Next, a more specific example application of the above
described present technology 1s described.

FIG. 3 1s a diagram for explaining a case where the
present technology 1s applied to a display having a sound
reproduction function, for example. Note that the blocks
corresponding to the instruction unit 21 through the switch-
ing unit 24 shown in FIG. 1 are not shown 1n each of the
examples shown 1n FIG. 3.

For example, 1in the example indicated by an arrow Q11,
a display to which the present technology 1s applied includes
a display umt 81 that displays an 1image, and speakers 82-1
through 82-4 and speakers 83-1 through 83-4 disposed at
both ends of the display unit 81.

In this example, the speakers 82-1 through 82-4 that are
long 1n the vertical direction in the drawing are arranged 1n
the vertical direction along the left edge of the display umit
81 1n the drawing. Hereinafter, where there 1s no particular
need to distinguish the speakers 82-1 through 82-4 from one
another, the speakers 82-1 through 82-4 will be also referred
to simply as the speakers 82. For example, an acoustic signal
of a left channel 1s supplied to the speakers 82.



US 10,667,053 B2

15

These speakers 82 correspond to the speakers 51 shown in
FIG. 1, and a unit formed with the four speakers 82
corresponds to the speaker unit 25 in FIG. 1.

Therelfore, one amplifier 1s connected to the speakers 82-1
through 82-4 via a switching unit, for example, and the
connection states of the switches of the switching unit are
controlled so that any appropriate speakers 82 can be
connected 1n parallel to the amplifier.

Likewise, the speakers 83-1 through 83-4 that are long in
the vertical direction in the drawing are arranged in the
vertical direction along the right edge of the display unit 81
in the drawing. Hereinafter, where there 1s no particular need
to distinguish the speakers 83-1 through 83-4 from one
another, the speakers 83-1 through 83-4 will be also referred
to simply as the speakers 83. For example, an acoustic signal
ol a right channel 1s supplied to the speakers 83.

These speakers 83 correspond to the speakers 51 shown in
FIG. 1, and a unit formed with the four speakers 83
corresponds to the speaker unit 25 in FIG. 1.

Therefore, one amplifier 1s connected to the speakers 83-1
through 83-4 via a switching unit, for example, and the
connection states of the switches of the switching unit are
controlled so that any appropriate speakers 83 can be
connected 1n parallel to the amplifier.

In a case where sound reproduction i1s performed in
accordance with a left channel acoustic signal 1n such a
display, for example, it 1s possible to control the directivity
of the sound to be output, by changing the speaker(s) 82 to
be used among the four speakers 82.

For example, the region of the diaphragms of the speaker
group lformed with the four speakers 82, or the region
formed by aligning the respective diaphragms of the four
speakers 82, 1s a rectangular region that 1s long 1n the vertical
direction 1n the drawing 1n this example. Hereinatter, such a
region of the diaphragms of a speaker group will be also
referred to as the speaker unit region.

It 1s generally known that the directivity of sound output
from a speaker unit 1s high in the direction 1n which the
speaker unit region 1s long, and 1s low 1n the direction 1n
which the speaker unit region 1s short. That 1s, there 1s a
tendency for sound to spread in the direction in which the
speaker unit region 1s short.

Therefore, 1n a case where sound reproduction 1s per-
tormed with all the four speakers 82, for example, sound that
has a high directivity in the vertical direction 1n the drawing
and 1s to spread in the horizontal direction in the drawing 1s
output.

Also, 1 a case where sound reproduction i1s performed
with all the four speakers 82, it 1s possible to output sound
having a higher directivity in the vertical direction than 1n a
case where sound reproduction 1s performed with only one
or two speakers 82. The same also applies to sound repro-
duction using the speakers 83.

Accordingly, 1n the example indicated by the arrow Q11,
it 1s possible to appropriately control the directivity 1n the
vertical direction 1n the drawing by approprately selecting
the speakers 82 and the speakers 83 to be used for sound
reproduction.

Meanwhile, 1n the example indicated by an arrow Q12, a
speaker 84-1 and a speaker 84-2, and a speaker 85-1 and a
speaker 85-2 are provided on the lower left side and the
lower right side, respectively, of the display unit 81 in the
drawing.

Specifically, the speaker 84-1 and the speaker 84-2, which
are long 1n the lateral direction in the drawing, are arranged
in the lateral direction at a lower left portion of the display
unit 81 in the drawing, along the lower edge of the display
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umt 81. Hereinafter, where there 1s no particular need to
distinguish the speakers 84-1 and 84-2 from each other, the
speakers 84-1 and 84-2 will be also referred to simply as the
speakers 84.

In this example, the speaker 84-2 1s longer than the
speaker 84-1 1n the lateral direction 1n the drawing, and these
two speakers 84 constitute a speaker unit. Accordingly, the
speaker 84-1 and the speaker 84-2 can be connected 1n
parallel to one amplifier, and an acoustic signal of a left
channel 1s supplied to these speakers 84, for example.

Likewise, the speaker 85-1 and the speaker 85-2, which
are long 1n the lateral direction in the drawing, are arranged
in the lateral direction at a lower right portion of the display
unit 81 1n the drawing, along the lower edge of the display
umt 81. Hereinafter, where there 1s no particular need to
distinguish the speakers 85-1 and 85-2 from each other, the
speakers 85-1 and 85-2 will be also referred to simply as the
speakers 85.

In this example, the speaker 85-2 1s longer than the
speaker 85-1 1n the lateral direction 1in the drawing, and these
two speakers 85 constitute a speaker unit. Accordingly, the
speaker 85-1 and the speaker 85-2 can be connected 1n
parallel to one amplifier, and an acoustic signal of a right
channel 1s supplied to these speakers 85, for example.

In a case where sound reproduction is performed with all
the two speakers 84 1n a display having such a configuration,
for example, sound that has a high directivity 1n the hori-
zontal direction 1n the drawing and 1s to spread in the vertical
direction 1n the drawing 1s output.

Also, 1n a case where sound reproduction 1s performed
with the speakers 84, when sound reproduction 1s performed

with both the speaker 84-1 and the speaker 84-2, the

directivity in the horizontal direction 1s higher than that to be
achieved when sound reproduction 1s performed only with
the speaker 84-2. Further, 1n a case where sound reproduc-
tion 1s performed only with the speaker 84-2, the directivity
in the horizontal direction 1s higher than that 1n a case where
sound reproduction 1s performed only with the speaker 84-1.

The same also applies to sound reproduction using the
speakers 85.

As described above, 1n the example indicated by the arrow
(12, 1t 1s possible to control the horizontal directivity of the
sound to be reproduced 1n the drawing.

Further, in the example indicated by an arrow 13, the
speakers 84 and the speakers 85 provided in the example
indicated by the arrow Q12 are further provided on the upper
lett side and the upper right side of the display unit 81 1n the
drawing, in the display shown 1n the example indicated by
the arrow Q11.

Specifically, the speaker 84-1 and the speaker 84-2 are
arranged 1n the lateral direction at an upper leit portion of the
display unit 81 in the drawing, along the upper edge of the
display unit 81. The speaker 85-1 and the speaker 85-2 are
also arranged 1n the lateral direction at an upper right portion
of the display unit 81 1n the drawing, along the upper edge
of the display unit 81.

In this example, one speaker unit 1s formed with a total of
s1X speakers that are the speakers 82 and the speakers 84.
Accordingly, the speakers 82 and the speakers 84 can be
connected 1n parallel to one amplifier, and an acoustic signal
of a left channel 1s supplied to these speakers 82 and 84, for
example.

Likewise, one speaker unit 1s formed with a total of six
speakers that are the speakers 83 and the speakers 85.
Accordingly, the speakers 83 and the speakers 85 can be
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connected 1n parallel to one amplifier, and an acoustic signal
of a right channel 1s supplied to these speakers 83 and 85, for
example.

Therefore, 1n a case where sound reproduction 1s per-
tormed with all the speakers 82-1 through 82-4, for example,
sound that has a high directivity in the vertical direction 1n
the drawing and 1s to spread in the horizontal direction in the
drawing 1s output. Also, 1n a case where sound reproduction
1s performed with the speakers 82-1 through 82-4, it is
possible to output sound having a higher directivity in the
vertical direction than 1n a case where sound reproduction 1s
performed with only one or two speakers 82.

Further, when sound reproduction i1s performed with a
combination of the speaker 84-1 and the speaker 84-2, sound
that has a high directivity 1n the horizontal direction in the
drawing and 1s to spread in the vertical direction i1n the
drawing can be output, as in the example indicated by the
arrow (Q12. In this case, the intensity of the directivity 1n the
horizontal direction can be adjusted by changing the com-
bination of the speakers 84 to be used for sound reproduc-
tion. The same also applies to sound reproduction using the
speakers 83 and the speakers 85.

As described above, 1n the example indicated by the arrow
13, directivity can be restricted either to the horizontal
direction or to the vertical direction as viewed from the front
of the display.

Note that although examples 1n which the speakers are
arranged 1n a rectangular form have been described with
reference to FIG. 3, the layout 1s not limited to a rectangular
form, and the speakers may be arranged 1n any form such as
a substantially circular shape, for example. Also, each
speaker does not necessarily have a rectangular shape or the
like, and may have any shape such as a circle shape.

Second Specific Example Application of the
Present Technology

Further, FIG. 4 1s a diagram for explaining a case where
the present technology 1s applied to an in-vehicle sound
reproducing apparatus. Note that the blocks corresponding
to the instruction unit 21 through the switching unit 24
shown 1 FIG. 1 are not shown in each of the examples
shown 1n FIG. 4.

For example, as indicated by an arrow Q21 1n FIG. 4, one
speaker unit 111 may be formed with six speakers 121-1
through 121-6 provided adjacent to one another. Note that,
hereinafter, where there 1s no particular need to distinguish
the speakers 121-1 through 121-6 from one another, the
speakers 121-1 through 121-6 will be also referred to simply
as the speakers 121.

Also, 1n a case where the speaker 121-1, the speaker
121-2, the speaker 121-4, and the speaker 121-5 are used for
sound reproduction, the combination of these speakers 121
will be referred to as a first combination.

In a case where the speakers 121-3 through 121-6 are used
for sound reproduction, on the other hand, the combination
of these speakers 121 will be referred to as a second
combination.

In this case, with the second combination, the length of
the region formed with the combined speakers 121 in the
lateral direction 1n the drawing i1s greater, or the region
tormed with the speakers 121 1s longer 1n the lateral direc-
tion, than with the first combination. Accordingly, 1t 1s
apparent that the directivity in the lateral direction (horizon-
tal direction) 1n the drawing is higher.
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In this case, four speaker units 132-1 through 132-4 may
be mounted on the ceiling of a passenger vehicle 131 as
indicated by an arrow (22, for example.

Note that the drawing indicated by the arrow Q22 shows
the seat portion of the passenger vehicle 131 as viewed from
the ceiling, and the upper side of the drawing 1s the front of
the passenger vehicle 131 in the drawing. Also, the right
upper side 1n the drawing of the passenger vehicle 131 1s the
position of the driver’s seat, the upper left side in the
drawing 1s the position of the passenger’s seat, and the lower
side 1n the drawing 1s the position of the backseat.

In this example, the speaker unit 132-1 1s disposed near
the upper front side of the driver’s seat of the passenger
vehicle 131, the speaker unit 132-2 1s disposed near the
upper tront side of the passenger’s seat, and the speaker unit
132-3 and the speaker unit 132-4 are disposed on the right
side and the left side, respectively, above the backseat.

Here, each of the speaker units 132-1 through 132-4 1s a

speaker unit having the same configuration as the speaker
umt 111 indicated by the arrow Q21. Note that, hereinafter,
where there 1s no particular need to distinguish the speaker
units 132-1 through 132-4 from one another, the speaker
units 132-1 through 132-4 will be also referred to simply as
the speaker units 132.

In this example, the speakers constituting the speaker unit
132-1 and the speaker unit 132-3 are connected 1n parallel to
one amplifier via a switching unit (not shown). Likewise, the
speakers constituting the speaker unit 132-2 and the speaker
unmt 132-4 are connected 1n parallel to one amplifier via a
switching umt (not shown).

Also, an acoustic signal of a right channel 1s supplied to
the speaker unit 132-1 and the speaker unit 132-3, and an
acoustic signal of a left channel 1s supplied to the speaker
unit 132-2 and the speaker unit 132-4, for example.

Here, for example, when sound reproduction 1s performed
with the first combination described above 1n the speaker
unmit 132-2 and the speaker unit 132-4, for example, sound
reproduction can be performed with the second combination
in the speaker unit 132-1 and the speaker unit 132-3.

In this case, 1n the row of the driver’s seat on the right side
in the drawing, sound having a high directivity in the
horizontal direction in the drawing 1s output to the driver and
the like. In the row of the passenger’s seat on the left side
in the drawing, on the other hand, sound having a relatively
low directivity 1s output to the user(s) in those seats.

Accordingly, on the side of the row of the driver’s seat,
reproduced sound such as voice guidance can be heard more
clearly than on the side of the row of the passenger’s seat.
In other words, the feeling of separation of sound becomes
stronger between the driver’s seat side and the passenger’s
seat side.

The directions in which directivity 1s high do not vary
with differences 1n the body shape between the persons in
the driver’s seat and the passenger’s seat, or hardly varies
with differences 1n the height of the positions of the ears of
the persons, because the second combination in the speaker
umts 132 1s long in the lateral direction. Thus, preferred
sound reproducing environments can be provided.

Note that, 1n this example, sound reproduction may be
performed with the first combination in the speaker units
132-2 through 132-4, and sound reproduction may be per-
formed with the second combination only 1n the speaker unit
132-1.

Alternatively, in the example 1indicated by an arrow (023,
speaker umts 132-5 through 132-8 are further provided 1n

the example indicated by the arrow (Q22.
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Specifically, the speaker units 132-5 through 132-8 are
provided on the outer side of the passenger’s seat, the left
outer side of the backseat, the outer side of the driver’s seat,
and the right outer side of the backseat, respectively.

These speaker units 132-5 through 132-8 are speaker units
cach having the same configuration as the speaker unit 111
indicated by the arrow Q21. Note that, hereinafter, where
there 1s no particular need to distinguish the speaker units
132-1 through 132-8 from one another, the speaker units
132-1 through 132-8 will be also referred to simply as the
speaker units 132.

In this example, the speakers constituting the speaker unit
132-1, the speaker umt 132-3, the speaker unit 132-7, and
the speaker umt 132-8 are connected in parallel to one
amplifier via a switching unit (not shown).

Likewise, the speakers constituting the speaker unit 132-
2, the speaker unit 132-4, the speaker unit 132-5, and the
speaker unit 132-6 are connected 1n parallel to one amplifier
via a switching unit (not shown).

Also, an acoustic signal of a right channel 1s supplied to
the speaker unit 132-1, the speaker unit 132-3, the speaker
unit 132-7, and the speaker unit 132-8, for example. On the
other hand, an acoustic signal of a left channel 1s supplied to
the speaker unit 132-2, the speaker unit 132-4, the speaker
unit 132-5, and the speaker unit 132-6.

In this example, sound reproduction can be performed
with the second combination 1n the speaker unit 132-1 and
the speaker umit 132-7, while sound reproduction 1s per-
formed with the first combination 1n the remaining speaker
units 132, for example.

In this case, sound having a higher directivity than those
in the other seats 1s output toward the driver’s seat. Accord-
ingly, reproduced sound such as voice guidance can be heard
more clearly in the driver’s seat.

The directions 1n which directivity 1s high do not vary
with differences in the body shape between the persons in
the driver’s seat and the passenger’s seat, or hardly varies
with differences in the height of the positions of the ears of
the persons, because the second combination in the speaker
units 132 1s long in the lateral direction. Thus, preferred
sound reproducing environments can be provided.

Further, in the example indicated by an arrow Q24, a
speaker unit 132-9 and a speaker unit 132-10 are further
provided in the example indicated by the arrow (Q22.

Specifically, the speaker unit 132-9 and the speaker unit
132-10 are provided above the portion between the driver’s
seat and the passenger’s seat and above the center of the
backseat, respectively.

These speaker units 132-9 and 132-10 are also speaker
units each having the same configuration as the speaker unit
111 indicated by the arrow (Q21. Note that, hereinafter,
where there 1s no particular need to distinguish the speaker
units 132-1 through 132-4, the speaker unit 132-9, and the
speaker unit 132-10 from one another, these speaker units
will be also referred to simply as the speaker units 132.

In this example, the speakers constituting the speaker unit
132-1 and the speaker unit 132-3 are connected 1n parallel to
one amplifier via a switching unit (not shown), and an
acoustic signal of a night channel i1s supplied to these
speakers. Likewise, the speakers constituting the speaker
unit 132-2 and the speaker unit 132-4 are connected in
parallel to one amplifier via a switching unit (not shown),
and an acoustic signal of a left channel 1s supplied to these
speakers.

Also, the speakers constituting the speaker unit 132-9 and
the speaker umit 132-10 are connected in parallel to one
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amplifier via a switching unit (not shown), and an acoustic
signal of a center channel 1s supplied to these speakers.

Note that, in a case where there 1s no center channel
acoustic signal, acoustic signals of a right channel and a left
channel are combined by a predetermined method, to gen-
erate a pseudo center channel acoustic signal.

In this example, sound reproduction can be performed
with the second combination 1n the speaker unit 132-9, while
sound reproduction 1s performed with the first combination
in the remaining speaker units 132, for example.

In this case, sound having a higher directivity than those
in the other seats 1s output toward the front seats of the
passenger vehicle 131, which are the drniver’s seat and the
passenger’s seat. Accordingly, reproduced sound such as
voice guidance can be heard more clearly 1n the driver’s seat
and the passenger’s seat.

The directions in which directivity 1s high do not vary
with differences in the body shape between the persons in
the driver’s seat and the passenger’s seat, or hardly varies
with differences in the height of the positions of the ears of
the persons, because the second combination 1n the speaker
units 132 1s long in the lateral direction. Thus, preferred
sound reproducing environments can be provided.

Note that, in the examples shown 1n FIG. 4, the speakers
121 may be arranged i any form such as a substantially
circular form, and the speakers 121 do not necessarily have
a rectangular shape and may have any shape such as a
circular shape, for example.

Directivity of Sound

The directivity of sound to be output from a speaker unit
1s now described.

For example, a rectangular speaker 161 that i1s long in the
lateral direction as shown 1n FIG. 5 1s described herein. The
speaker 161 1s a speaker that have the characteristics of a
capacitive load, corresponding to the speakers 51 shown 1n
FIG. 1, for example.

Here, a position substantially at the center of the speaker
161 1s set as a position P1, and a position substantially at the
center of a short side located farther from the position P1, or
a position substantially at the center of the left edge of the
speaker 161 in the drawing, 1s set as a position P2.

Also, a position substantially at the center of a long side
located closer to the position P1, or a position substantially
at the center of the upper edge of the speaker 161 1n the
drawing, 1s set as a position P3, and a position farthest from
the position P1, or the position at the upper left corner of the
rectangular speaker 161 in the drawing, 1s set as a position
P4.

In this example, microphones for enabling frequency
measurement from the front of the speaker 161 are installed
to face the respective positions P1 through P4, and the
speaker 161 1s made to output sound so that frequency
measurement 1s conducted.

In this case, the measurement results shown 1n FIG. 6 are
obtained with respect to the respective positions P1 through
P4, for example. Note that, in FIG. 6, the ordinate axis
indicates sound pressure, and the abscissa axis indicates
frequency. Further, curves 111 through .14 indicate the
sound pressure measurement results conducted by the
respective microphones installed to face the positions P1
through P4.

As can be seen from FIG. 6, the measurement results can
be roughly divided into a frequency characteristics group at
the position P1 and the position P3, and a frequency char-
acteristics group at the position P2 and the position P4.
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Where the measurement results at the position P2 and the
position P4, or the measurement results at a long-side edge

portion of the rectangular speaker 161, are compared with
the measurement results at the substantially center position
P1 and the position P3 at a short-side edge portion, it
becomes apparent that the sound pressures at the position P2
and the position P4 are attenuated to lower pressures than the
sound pressures at the position P1 and the position P3 1n the
frequency bands at 3 kHz and higher.

In this case, even 1f the listener who 1s listening to the
sound being output from the speaker 161 moves from the
center position P1 to the position P3, the listener hardly
notice any difference 1n the sound pressure and the sound
he/she 1s listening to.

On the other hand, 1if the listener moves from the center
position P1 to the position P2, attenuation in the high
frequency range 1s clearly heart, and therefore, the listener
notices such a directivity that the sound source 1s not
directed to the listener.

In a case where the shape of the speaker 161, or more
specifically, the shape of the diaphragm of the speaker 161,
1s a rectangular shape, the directivity 1s high 1n the long-side
direction of the rectangle. However, the directivity 1s low 1n
the short-side direction, and sound tends to spread in that
direction.

It should be understood that there 1s a tendency similar to
the above not only 1n a case where sound reproduction 1s
performed with the single speaker 161 but also in a case
where sound reproduction 1s performed with a combination
ol speakers, as long as the speakers to be used for sound
reproduction correspond to the speaker 161.

As 1s apparent from such measurement results, 1t 1s
possible to control the direction and the intensity of direc-
tivity by appropriately changing the combination of the
speakers 51 to be used for sound reproduction 1n accordance
with 1nstruction information in the sound reproducing appa-
ratus 11 shown 1n FIG. 1.

Number of Speakers and Sound Pressure

Referring now to FIGS. 7 and 8, the relationship between
the number of parallel-connected speakers to be used for
sound reproduction and sound pressure 1s described.

For example, a case where one speaker unit 191 1s formed
with three circular speakers 201-1 through 201-3 as shown

in FIG. 7 1s described.

Here, the speaker unit 191 corresponds to the speaker unit
25 shown in FIG. 1, and the respective speakers 201-1
through 201-3 correspond to the speakers 51 shown 1n FIG.
1. Note that, hereinafter, where there 1s no particular need to
distinguish the speakers 201-1 through 201-3 from one
another, the speakers 201-1 through 201-3 will be also
referred to simply as the speakers 201.

In this example, three speakers 201 are arranged in the
lateral direction in the drawing. These three speakers 201
can also be connected in parallel to one amplifier via a
switching unit (not shown).

In this example, frequency characteristics were measured
while the number of the speakers 201 used for sound
reproduction was changed, and the measurement results
shown in FIG. 8 were obtained. Note that, in FIG. 8, the
ordinate axis indicates sound pressure, and the abscissa axis
indicates frequency.

Also, 1n FIG. 8, a curve .21 indicates the measurement
result obtained 1n a case where sound reproduction was
performed only with one speaker 201, a curve .22 indicates
the measurement result obtained 1 a case where sound
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reproduction was performed with two speakers 201, and a
curve .23 indicates the measurement result obtained in a

case where sound reproduction was performed with three
speakers 201.

As can be seen from FIG. 8, 1t 1s possible to increase
sound pressure by increasing the number of the speakers 201
to be used for sound reproduction in the region where the
frequency 1s 2 kHz or lower. In this example, as the number
of the speakers 201 to be used for sound reproduction
becomes larger, a higher sound pressure 1s obtained.

In other words, it 1s difficult to obtain a sufliciently high
sound pressure 1 a low frequency range with a speaker
having the characteristics of a capacitive load. However,
where a plurality of speakers 201 are used in this manner, 1t
1s possible to compensate for the sound pressure shortage 1n
the low frequency range.

In the region where the frequency 1s 2 kHz or higher, on
the other hand, the relationship 1n the case where the
frequency 1s 2 kHz or lower 1s not necessarily observed as
the relationship between the number of speakers 201 and
sound pressure. For example, it 1s apparent that the fre-
quency characteristics obtained when three speakers 201 are
used for sound reproduction tend to have a portion that 1s
lower than the sound pressure 1n the mtermediate frequency
range.

However, 1n a case where three speakers 201 are used for
sound reproduction, signal processing 1s performed on the
portion with the lowered sound pressure by the acoustic
characteristics correction unit 31, so that the frequency
characteristics are corrected. Thus, high sound quality can
be achieved over a wider frequency band.

Because of this, where the number of speakers to be used
for sound reproduction is increased, the listener can listen to
excellent sound with adjusted sound pressure 1n the low and
intermediate frequency ranges.

As 1s apparent from the above, it 1s possible to adjust the
intensity of directivity in a desired direction and increase/
decrease sound pressure by approprately changing the com-
bination of the speakers 51 to be used for sound reproduction
in accordance with instruction information in the sound
reproducing apparatus 11 shown in FIG. 1. In addition to
that, sound can be output from a specific position 1 accor-
dance with instruction information, for example, and fre-
quency characteristics correction such as high frequency
emphasis can be performed.

Impedances of Speakers

Further, referring now to FIGS. 9 and 10, the impedances
ol speakers 1s described.

For example, a speaker unit may be formed with a
large-diameter circular speaker 231 and two small-diameter
circular speakers 232-1 and 232-2, and these speakers can be
connected 1n parallel, as shown 1n FIG. 9.

Here, the speaker 232-1 and the speaker 232-2 are of the
same size. Note that, heremaiter, where there 1s no particular
need to distinguish the speaker 232-1 and the speaker 232-2
from each other, the speaker 232-1 and the speaker 232-2
will be also referred to simply as the speakers 232.

Here, the speaker 231 and the speakers 232 each have the
characteristics of a capacitive load, and the radius ratio
between the circular diaphragm of the speaker 231 and the
circular diaphragm of each speaker 232 1s 1.5:1.0.

In such a case, the impedances of speakers were measured
in the following four cases: a case with the single speaker
231, a case with the single speaker 232-1, a case with the
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single speaker 232-2, and a case where the two speakers 232
are connected 1n parallel. The measurement results shown 1n

FIG. 10 were obtained.

Note that, in FIG. 10, the abscissa axis indicates fre-
quency, and the ordinate axis indicates impedance. Also, 1n
FIG. 10, a curve L31 indicates the impedance of the single
speaker 231, a curve L32 indicates the impedance of the
single speaker 232-1, and a curve L33 indicates the imped-
ance ol the single speaker 232-2. Further, a curve 134
indicates the impedance obtained when the two speakers 232
are connected 1n parallel.

The area ratios among the respective speakers, which are
the speaker 231, the two parallel-connected speakers 232,
the speaker 232-1, and the speaker 232-2, are 2.25:2.0:1.0:
1.0. As can be seen from the measurement results shown 1n
FIG. 10, the impedance decreases with the area ratios.
Particularly, the speaker 231 having a large area has a lower
impedance on the amplifier than that of each speaker 232
having a small area, and i1s lower than 4 ohms at high
frequencies of 40 kHz and higher.

Here, the speaker 231 having a large area 1s used as the
speaker unit 25 in the sound reproducing apparatus 11
shown 1n FIG. 1, for example. In this case, when the output
impedance of the amplifier 23 1s 4 ohms, the current output
to be supplied to the speaker 231 i1s limited, and the
performance of the speaker 231 1s degraded. The same also
applies 1n a case where the two speakers 232 are connected
in parallel and are then used.

Alternatively, a speaker 232 having a small area 1s used as
the speaker unit 25 1n thus situation. The impedance of the
speaker 232 1s 10 ohms at a high frequency of 40 kHz, and
the speaker 232 has impedance characteristics that exceed 4
ohms up to a frequency as high as about 100 kHz. Accord-
ingly, 1n a case where a single speaker 232 1s used, it 1s
possible to prevent degradation of the performance of the
speaker 232.

As 1s apparent from the above, 11 the number of speakers
to be used for sound reproduction, or the number of parallel-
connected speakers, 1s changed 1n a case where a speaker
unit 1s formed with a plurality of speakers, the impedance of
the speakers fluctuates with the number of the speakers at a
high rate 1n the high frequency range. Accordingly, in the
sound reproducing apparatus, a high-frequency protection
process for appropniately protecting the speakers 1s per-
formed 1n accordance with the number of the speakers to be
used for sound reproduction. Thus, safe sound reproduction
can be performed 1n a preferred manner.

Second Embodiment

Example Configuration of a Sound Reproducing
Apparatus

Note that in the above described examples, some speakers
among the plurality of speakers constituting a speaker unit
are selectively connected 1n parallel to an amplifier, so that
the directivity of sound can be controlled. Alternatively, 1t 1s
possible to control directivity by moving a speaker unit, for
example.

In such a case, a sound reproducing apparatus 1s designed
as shown 1n FI1G. 11, for example. Note that, in FIG. 11, the
components equivalent to those shown 1n FIG. 1 are denoted
by the same reference numerals as those used 1n FIG. 1, and
explanation of them will not be unnecessarily repeated.

The sound reproducing apparatus 261 shown in FIG. 11
includes a sensor 271, an mstruction information generation
unit 272, an instruction unit 21, an acoustic characteristics
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correction unit 31, an amplifier 23, a movable unit 273, a
switching unit 24, and a speaker unit 25.

The sensor 271 1s formed with a human sensor, a micro-
phone, an ultrasonic sensor, an 1mage sensor, or the like, for
example. The sensor 271 detects a user who 1s a listener of
sound reproduced by the sound reproducing apparatus 261,
and outputs the detection result to the instruction iforma-
tion generation unit 272. For example, the sensor 271 detects
a user 1n the vicinity of the sound reproducing apparatus 261
as a listener.

The 1instruction information generation unit 272 generates
instruction information in accordance with the detection
result supplied from the sensor 271, and supplies the 1nstruc-
tion information to the instruction unit 21. The struction
umt 21 also supplies the instruction information supplied
from the 1nstruction information generation unit 272 to the
acoustic characteristics correction unit 31 and the movable
unit 273.

Note that, although an example 1n which the instruction
unit 21 acquires the instruction information from the mnstruc-
tion information generation unit 272 1s described herein, the
instruction unit 21 may acquire a user detection result from
the sensor 271, and generate instruction information in
accordance with the detection result. Alternatively, mstruc-
tion information may be supplied by a user’s input or the
like, without the use of the sensor 271.

In a case where the sensor 271 1s formed with a human
sensor, for example, when the position of a user 1s detected
by the sensor 271, the nstruction information generation
unit 272 generates instruction information so that the sound
to be output has directivity 1n a predetermined direction such
as an upward/downward direction or a rightward/leftward
direction, 1n accordance with the result of the detection of
the user’s position. At this stage, the intensity of the direc-
tivity may also be controlled in accordance with the mnstruc-
tion information.

Specifically, in a case where a plurality of users are
detected, for example, instruction information 1s generated
so that the directivity 1s weakened with respect to the
direction in which these users stand in line, or instruction
information 1s generated so that sound 1s output toward the
detected users. Also, 1n a case where a plurality of users are
detected, other than this, a check may be made to determine
whether the detected users are not asleep, or determine
whether the users are viewing the presented content or the
like or whether the users are asleep, 1n accordance with the
amounts ol displacement or the like of the objects (the users
or portions ol the users) per predetermined time, for
example. In this case, only the users who are viewing the
content or the like are regarded as the detected users, and
instruction information 1s generated so that directivity to
these users 1s weakened. In this manner, i1t 1s possible to
prevent the sleeping users from feeling discomiort.

The sensor 271 may be of any kind, as long as the
positions of users can be detected. For example, even 1f a
microphone 1s used as the sensor 271, the position of a user
can be detected from the arrival direction of sound from the
user. Also, even 1 an 1image sensor, or a camera, 1s used as
the sensor 271, the position of a user can be detected through
an analysis process, an image recognition process, or the like
performed on an 1mage captured by the sensor 271.

In addition to that, the acoustic characteristics correction
unit 31 performs a process of correcting the acoustic char-
acteristic of an acoustic signal supplied from the outside, 1n
accordance with the instruction information from the
instruction unit 21. The resultant acoustic signal 1s supplied
to the amplifier 23.
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The movable unit 273 1s formed with the switching unit
24 and a drive system such as an actuator (not shown), for
example. In accordance with the instruction information
supplied from the instruction unit 21, the movable unit 273
causes the switching unit 24 to control connections between
the speakers 51 and the amplifier 23, and causes the speaker
unit 25 to physically move.

Note that, although an example 1n which the speaker unit
25 1s formed with a plurality of speakers 51 1s described
herein, the speaker unit 25 may be formed with a single
speaker 51 that has an approprniate shape such as a quad-
rangular shape and has a large area, for example.

In the sound reproducing apparatus 261, the speaker unit
25 1s disposed so that part of or all the speaker unit 235 is
hidden by a shielding member provided 1n advance, when
viewed from a predetermined direction, or when viewing
from a listener of the sound, for example. In this case, the
movable unit 273 moves the speaker unit 25 in accordance
with the instruction information, to change the region where
the speaker unit 25 1s exposed through the shielding member
as viewed from the listener.

As the shape and the area of the exposed region of the
speaker unit 25 are changed in the above manner, 1t 1s
possible to change the directivity characteristics of the sound
to be output from the speaker unit 25. Note that the region
of the portion exposed to the listener in the speaker unit 25,
or the region not hidden by the shielding member in the
speaker unit 25, will be heremnatter also referred to as the
exposed region.

For example, 1f the movable unit 273 moves the speaker
unit 25 to make the exposed region a long rectangular
region, 1t 1s possible to realize such sound reproduction that
gives directivity 1n the long-side direction of the rectangle.
Also, 1n such a state, 1 the movable unit 273 further moves
the speaker unit 25 so that the ratio between the long side
and the short side of the exposed region becomes smaller, 1t
1s possible to weaken the directivity of the sound. Further-
more, the speaker unit 25 can be hidden by the shielding
member. Thus, 1t 1s possible to perform appropriate direc-
tivity control, and secure suilicient sound pressure 1n low
frequency ranges, by increasing the area of the speaker unit
25 by a certain amount.

Note that, although an example case where the movable
unit 273 electrically moves the speaker unit 25 1s described
herein, a user or the like may manually move the speaker
unit 25 by operating the movable unit 273.

Also, mstead of moving the entire speaker unit 25, the
movable unit 273 may move the speakers 51 constituting the
speaker unit 25 independently of one another, or divide the
speakers 31 constituting the speaker unit 25 1nto several
speaker groups and move those speaker groups indepen-
dently of one another.

Further, instead of moving the speaker unit 25, the mov-
able unit 273 may move the shielding member, to move the
speaker unit 25 relative to the shielding member. In other
words, with the movable unit 273, 1t should be possible to
change the relative position of the speaker unit 25 with
respect to the shielding member.

In the example shown 1n FIG. 11, the speaker umt 25 1s
formed with a plurality of speakers 31, mstead of a single
speaker. Accordingly, when the directivity of the sound to be
output 1s controlled 1n the sound reproducing apparatus 261,
the control can be performed through a combination of
movement of the position of the speaker unit 25 and switch-
ing of the speakers 51 to be used for sound reproduction. As
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a result, 1t becomes possible to perform finer control such as
control on sound pressure and the stereotactic position of the

sound source.

Further, the acoustic characteristics correction unit 31
performs acoustic characteristics correction such as wave-
form equalization, depending on the sound quality of the
sound at a time of sound reproduction determined 1n accor-
dance with the characteristics, the number, and the positions
ol the speakers 51 to be used for the sound reproduction, the
s1ze, the shape, the exposure position, and the like of the
exposed region of the speaker unit 25. Specifically, when the
directivity of sound changes with movement of the speaker
umt 25, for example, the frequency characteristics changes
with the change. Therefore, a process ol correcting the
change in the frequency characteristics 1s performed by the
acoustic characteristics correction unit 31.

Also, the sound reproducing apparatus 261 does not
include the high-frequency protection unit 32 shown 1n FIG.
1. However, 1n a case where the area of the speaker unit 25
1s large, or where the number of the speakers 51 to be used
for sound reproduction 1s large, and the impedance at high
frequency 1s low, the high-frequency protection unit 32 may
be provided, or the acoustic characteristics correction unit 31
may perform a process of protecting high frequency ranges.
For example, in a case where the high-frequency protection
unmit 32 1s provided, the high-frequency protection unit 32
should be disposed between the acoustic characteristics
correction unit 31 and the amplifier 23.

As the sound reproducing apparatus 261 1s designed as
described above, 1t 1s possible to increase the degree of
freedom 1n the entire system, and realize preferred sound
reproduction with excellent directivity characteristics at low
costs while compensating for sound pressure shortage 1n the
low frequency ranges due to the characteristics of a capaci-
tive load.

Note that, 1n the sound reproducing apparatus 11 shown 1n
FIG. 1, the sensor 271 and the instruction information
generation unit 272 may also be provided, and instruction
information corresponding to a result of detection performed
by the sensor 271 to detect a user near the sound reproducing
apparatus 11 may be output from the mstruction unit 21.

Description of a Sound Reproduction Process

Next, operation of the sound reproducing apparatus 261 1s
described. Specifically, referring now to the flowchart in
FIG. 12, a sound reproduction process to be performed by
the sound reproducing apparatus 261 is described below.

In step S41, the sensor 271 detects the position of a
listener, and supplies the detection result to the instruction
information generation unit 272.

In step S42, the instruction imnformation generation unit
272 generates instruction information 1n accordance with the
detection result supplied from the sensor 271, and supplies
the 1nstruction information to the instruction unit 21.

In step S43, the instruction unit 21 supplies the mstruction
information supplied from the instruction information gen-
eration unit 272 to the acoustic characteristics correction
unit 31 and the movable umit 273. Through the above
processing in steps S41 through S43, the mstruction unit 21
outputs the instruction information corresponding to the
result of detection performed by the sensor 271 to detect a
user (a listener).

In step S44, the acoustic characteristics correction unit 31
performs signal processing on an externally supplied acous-
tic signal 1n accordance with the instruction information
supplied from the instruction umt 21, and supplies the
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resultant acoustic signal to the amplification umt 23. Note
that, 1n step S44, processing similar to the processing in step

S12 1 FIG. 2 1s performed.

In step S435, the amplifier 23 amplifies the acoustic signal
supplied from the acoustic characteristics correction unit 31,
and supplies the amplified acoustic signal to the switching
unit 24.

In step S46, the movable unit 273 moves the speaker unit
235, 1 accordance with the instruction information supplied
from the mnstruction unit 21. Here, the speaker unit 25 1s
moved for the purpose indicated by the instruction informa-
tion, or to achieve desired directivity characteristics, for
example.

In step S47, the switching unit 24 selects the speakers 51
to be used for sound reproduction in accordance with the
instruction information supplied from the instruction unit
21, and switches connections between the respective speak-
ers 51 and the amplifier 23 1n accordance with the selection
result. That 1s, 1n step S47, processing similar to the pro-
cessing 1n step S15 1 FIG. 2 1s performed.

As a result, only the speakers 51 to be used for sound
reproduction are connected in parallel to the amplifier 23,
and the acoustic signal output from the amplifier 23 1is
supplied to the speakers 51 to be used for sound reproduc-
tion via the switches 41 that have been turned on.

Note that, 1n the processing in step S41, instruction
information may be supplied through a user’s mput or the
like, without the use of the sensor 271. Also, the processing
in step S46 and the processing 1n step S47 may be performed
at any timing aiter the processing 1n step S43 1s performed
and before the processing in step S48 1s performed.

In step S48, the speakers 51 reproduce sound 1n accor-
dance with the acoustic signal supplied from the amplifier

23, and the sound reproduction process then comes to an
end.

As described above, the sound reproducing apparatus 261
selects the speakers 51 to be used for sound reproduction 1n
accordance with instruction information, and performs
sound reproduction by connecting only the selected speakers
51 in parallel to the amplifier 23 and moving the speaker unit
25 1n accordance with the instruction information.

By virtue of this configuration, it 1s possible to realize
sound reproduction with high sound quality and excellent
directivity characteristics at low costs, using the speakers 51
having the characteristics of a capacitive load. Particularly,
in the sound reproducing apparatus 261, one or a plurality of
speakers 51 are selectively used for sound reproduction, and
the speaker unit 25 1s moved to appropriately expose part or
all the speaker unit 25. Thus, desired directivity character-
1stics can be easily achieved.

First Specific Example Application of the Present
Technology

Next, a more specific example application of the present
technology described 1in the second embodiment 1s
described.

FIG. 13 1s a diagram for explaining a case where the
present technology 1s applied to a television receiver, for
example. Note that, 1n FIG. 13, the components equivalent
to those shown 1n FIG. 11 are denoted by the same reference
numerals as those used 1n FIG. 11, and explanation of them
will not be unnecessarily repeated. Also, in the example
shown 1n FIG. 13, the blocks corresponding to the sensor
271 through the movable unit 273 shown 1n FIG. 11, or the

blocks other than the speaker unit 25, are not shown.
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In the example shown 1n FIG. 13, the television receiver
to which the present technology 1s applied includes a display
umt 301 that displays an image, and a speaker unit 235
disposed on the back side of the display umit 301. Also, 1n
this example, a plurality of speakers 31 (not shown) are
arranged 1n a square form, to constitute the speaker unit 25.

Note that, although only the speaker unit 25 that repro-
duces the sound of the left channel of the content to be
reproduced 1s shown 1n this drawing, the television recerver
also 1ncludes a speaker unit (not shown) that reproduces the
sound of the right channel. In addition to that, although two
speaker units 25 are drawn here for easier understanding,
only one speaker unit 25 1s provided 1n practice.

FIG. 13 shows the display unit 301 viewed from the front
by a user, and the speaker umt 25 1s disposed behind the
display unit 301 as viewed from the user. Specifically, 1n this
example, the display unit 301 1s the above described shield-
ing member, and part of or all the speaker unit 25 1s hidden
behind the display unit 301 and cannot be seen from the user,
depending on the position of the speaker unit 25.

Particularly, 1n this example, each of the shaded portions
of the speaker unit 25 i1s the above described exposed region.
Of the entire region of the speaker unit 25, this exposed
region 1s the region that 1s not hidden by the display unit 301
serving as the shielding member but 1s exposed to the user
on the front side of the display unit 301, or 1s the region that
can be seen from the user.

The speaker umit 25 disposed on the back side of the
display unit 301 1s designed to be able to move at least 1n a
direction parallel to the direction indicated by an arrow W11
or 1n the upward/downward direction (vertical direction)
relative to the user viewing the display unit 301, and 1n a
direction parallel to the direction indicated by an arrow W12
or 1n a rightward/leftward (horizontal direction) relative to
the user viewing the display unit 301. In other words, the
speaker unit 25 1s movable 1n at least two directions that are
perpendicular to each other.

As described above, 11 the shape of the exposed region 1s
long 1n one direction, for example, the directivity in that
direction becomes higher, and sound tends to spread in the
direction 1n which the exposed region 1s short.

In view of this, the speaker unit 25 1s moved 1n the
direction 1ndicated by the arrow W12, for example, so that
a partial region of the speaker unit 25, or a rectangular region
that 1s long 1n the vertical direction, 1s exposed on the left
side of the display unit 301 1n the drawing, and 1s set as the
exposed region. In this case, sound that has a high directivity
in the vertical direction in the drawing and spreads 1n the
horizontal direction in the drawing i1s output from the
speaker unit 25.

Also, 1 the speaker unit 25 1s further moved in the
direction 1ndicated by the arrow W12 1n this situation, the
width of the exposed region 1n the vertical direction 1n the
drawing does not change, but the width in the lateral
direction becomes greater. That 1s, the ratio of the width 1n
the vertical direction to the width in the lateral direction in
the exposed region 1n the drawing becomes lower.

Accordingly, the directivity 1n the vertical direction 1n the
sound output from the speaker unit 25 1n the drawing 1s
made lower than that before the speaker unit 25 1s moved.
In other words, the directivity in the vertical direction 1n the
drawing in the sound output from the speaker umt 235 1is
made lower by the amount equivalent to the decrease 1n the
ratio of the width 1n the vertical direction to the width 1n the
lateral direction of the exposed region.

Also, 1n this case, 1t 1s possible to adjust the sound output
position to a desired position by changing the height of the
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speaker unit 25 1n the vertical direction 1n the drawing. For
example, 11 the position of the speaker unit 25 in the vertical
direction 1s changed 1n accordance with the position of a user
or the like detected by the sensor 271, it 1s possible to
perform control such as outputting sound from a position at
the same height as the user’s ears.

Likewise, the speaker unit 25 1s moved in the direction
indicated by the arrow W11, for example, so that a partial
region of the speaker unit 25, or a rectangular region that 1s
long 1n the lateral direction, 1s exposed on the upper leit side
of the display unit 301 in the drawing, and 1s set as the
exposed region. In this case, sound that has a high directivity
in the horizontal direction in the drawing and spreads in the
vertical direction 1n the drawing i1s output from the speaker
unit 25.

Also, 1f the speaker umt 25 1s further moved in the
direction 1indicated by the arrow W11 in this situation, the
width of the exposed region 1n the lateral direction in the
drawing does not change, but the width in the vertical
direction becomes greater. Accordingly, the directivity in the
horizontal direction in the sound output from the speaker
unit 25 1n the drawing 1s made lower than that before the
speaker unit 25 1s moved. Further, 1n this case, it 1s possible
to adjust the sound output position to a desired position in
the horizontal direction by changing the position of the
speaker unit 25 1n the horizontal direction 1n the drawing. In
this case, 1I the position of the speaker umit 25 in the
horizontal direction 1n the drawing is set 1n accordance with
the position of a user detected by the sensor 271, for
example, 1t 1s possible to perform control such as outputting
sound from a position in front of the user.

As described above, the speaker unit 25 1s moved relative
to the display unit 301, and the shape, the size, and the like
of the exposed region are appropriately changed. Thus, the
directivity in the horizontal direction and the vertical direc-
tion can be controlled for the user viewing the display unit
301 from the front.

Note that, at a time of sound reproduction by the speaker
unit 25, sound may be output from only some of the speakers
51 constituting the speaker unit 25, or sound may be output
from all the speakers 51. Particularly, sound may be output
not only from the speakers 31 disposed 1n the exposed region
but also from the speakers 51 hidden by the display unit 301
serving as the shielding member.

Although an example 1 which the speakers 51 are
arranged 1n a square form to form the speaker unit 235 has
been described above, the speakers 51 may also be arranged
in any desired form. For example, the speakers 531 may be
arranged 1n a rectangular form or a substantially circular
form. Each speaker 51 may also have any shape such as a
rectangular shape or a substantially circular shape.

Second Specific Example Application of the
Present Technology

Further, 1n a case where the present technology 1s applied
to a television recerver, the example shown 1n FIG. 13 1s not
necessarily adopted, and the configuration shown 1n FIG. 14
may be adopted, for example. Note that, in FIG. 14, the
components equivalent to those shown in FIG. 13 are
denoted by the same reference numerals as those used 1n
FIG. 13, and explanation of them will not be unnecessarily
repeated. Also, 1n the example shown 1n FI1G. 14, the blocks
corresponding to the sensor 271 through the movable unit
273 shown 1n FIG. 11, or the blocks other than the speaker

unit 25, are not shown.
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In the example shown in FIG. 14, a television receiver
includes a display unit 301 and a speaker unit 25 disposed
on the back side of the display unit 301.

In this example, a plurality of speakers 51 (not shown) are
arranged 1n a square form in a plane, to form a speaker
subunit 331-1. Likewise, a speaker subunit 331-2 and a
speaker subunit 331-3 are also formed with a plurality of
speakers 31 (not shown) arranged 1 a square form 1n a
plane.

In addition, the three speaker subunits 331-1 through
331-3 are stacked 1n a front direction in the drawing, or 1n
a direction perpendicular to each of the planar speaker
subunits. In this manner, one speaker unit 23 1s formed. Note
that, hereinafter, where there 1s no particular need to distin-
guish the speaker subunits 331-1 through 331-3 from one
another, the speaker subunits 331-1 through 331-3 will be
also referred to simply as the speaker subumts 331.

For example, all the speakers 51 constituting the speaker
unit 25 can be connected in parallel to one amplifier 23 via
a switching unit 24. Alternatively, an amplifier may be
provided for each speaker subunit 331, and all the speakers
51 constituting the speaker subunits 331 can be connected 1n
parallel to one amplifier via a switching unait.

FIG. 14 shows the display unit 301 viewed from the front
by a user, and the speaker umt 25 1s disposed behind the
display unit 301 as viewed from the user. Specifically, 1n this
example, the display unit 301 1s the above described shield-
ing member, and part of or all the speaker unit 25 1s hidden
behind the display unit 301 and cannot be seen from the user,
depending on the position of the speaker unit 25.

Particularly, the speaker unit 25 1s disposed at the center
on the lower side of the display unit 301 1n the drawing.
Also, each of the shaded portions of the speaker umt 25 1s
the above described exposed region.

The speaker unit 25 disposed on the back side of the
display unit 301 1s designed to be able to move at least 1n a
direction parallel to the direction indicated by an arrow W21
or 1 the rightward/leftward direction (horizontal direction)
relative to the user viewing the display unit 301, and 1n a
direction parallel to the direction indicated by an arrow W22
or in a upward/downward (vertical direction) relative to the
user viewing the display umit 301. In other words, the
speaker unit 25 1s movable 1n at least two directions that are
perpendicular to each other.

As described above, 11 the shape of the exposed region 1s
long 1n one direction, for example, the directivity in that
direction becomes higher, and sound tends to spread in the
direction 1n which the exposed direction 1s short.

In view of this, the speaker unit 25 1s moved in the
direction indicated by the arrow W22, for example, so that
a partial region of the speaker unit 25, or a rectangular region
that 1s long 1n the lateral direction, 1s exposed on the lower
side of the display unit 301 1n the drawing, and 1s set as the
exposed region. In this case, sound that has a high directivity
in the horizontal direction in the drawing and spreads 1n the
vertical direction in the drawing 1s output from the speaker
unit 25.

Also, 1I the speaker unit 25 1s further moved in the
direction 1ndicated by the arrow W22 1n this situation, the
width of the exposed region 1n the lateral direction in the
drawing does not change, but the width in the vertical
direction becomes greater. That 1s, the ratio of the width 1n
the lateral direction to the width 1n the vertical direction in
the exposed region 1n the drawing becomes lower.

Accordingly, the directivity in the horizontal direction 1n
the sound output from the speaker unit 235 in the drawing 1s
made lower than that before the speaker unit 25 1s moved.
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In other words, the directivity in the horizontal direction 1n
the drawing 1n the sound output from the speaker unit 25 1s

made lower by the amount equivalent to the decrease 1n the
ratio of the width in the lateral direction to the width 1n the
vertical direction of the exposed region.

Likewise, 11 the speaker unit 25 1s moved 1n a horizontal
direction 1n the drawing, or in the direction indicated by the
arrow W21, for example, 1t 1s possible to move a region 1n
which sound has a high directivity in the horizontal direc-
tion.

Further, a plurality of speaker subunits 331 are stacked to
form one speaker unit 25 1n this example. Accordingly, 1t 1s
possible to 1increase the sound pressure 1n the low frequency
range of the sound to be output, without any increase in the
plane area of the speaker unit 25. That 1s, even with the small
speaker unit 25, suflicient sound pressure 1n the low fre-
quency range can be secured.

Note that, although an example in which the entire
speaker unit 235 1s moved has been described with reference
to FIG. 14, the movable unit 273 may be designed to be able
to move the speaker subunits 331 independently of one
another. In such a case, the size and the position of the
exposed region can be adjusted with higher precision.

Directivity of Sound

The directivity of sound when only part of the speaker
unit 1s exposed 1s now described.

As shown 1 FIG. 15, for example, a shielding member
361 is provided, and a speaker umt 363 formed with three
rectangular speakers 362-1 through 362-3 1s disposed on the
back side of the shielding member 361. Note that, herein-
alter, where there 1s no particular need to distinguish the
speakers 362-1 through 362-3 from one another, the speak-
ers 362-1 through 362-3 will be also referred to simply as the
speakers 362.

Here, the speakers 362 are speakers that have the char-
acteristics of a capacitive load, corresponding to the speak-
ers 51 shown in FIG. 11, for example.

In this example, the speaker unit 363 1s disposed on the
back side of the shielding member 361 1n the drawing, so
that, when the shielding member 361 i1s viewed from the
front, part of the speaker unit 363 1s hidden by the shielding
member 361 and cannot be seen. Also, the speaker unit 363
1s made to output sound, and frequency measurement 1s
conducted from the front of the shielding member 361.

In this example, the rectangular speakers 362 that are long
in the vertical direction 1n the drawing are arranged 1n the
lateral direction in the drawing, to constitute the speaker unit
363. These three speakers 362 are connected in parallel to
one amplifier (not shown). Further, the speaker unit 363 is
disposed 1n such a manner that part of the speaker 362-3 of
the three speakers 362 1s exposed, and sound reproduction 1s
performed so that sound 1s output from all the speakers 362.

Here, the region exposed in the speaker 362-3, or the
exposed region, has a rectangular shape that 1s long in the
vertical direction 1n FIG. 15. Hereinafter, the vertical direc-
tion of the exposed region 1n FIG. 15 will be also referred
to as the long-side direction, and the lateral direction of the
exposed region 1 FIG. 15 will be also referred to as the
short-side direction.

Further, a microphone 364 to be used for measurement 1s
disposed 1n front of the exposed region of the speaker unit
363.

At a time of frequency measurement by the microphone
364, measurement 1s carried out at four positions facing the
exposed speaker 362-3, as shown in FIG. 16. That 1s, the
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microphone 364 1s moved to each of the four positions, and
the measurement 1s carried out at each position. Note that, in
FIG. 16, the components equivalent to those shown 1n FIG.
15 are denoted by the same reference numerals as those used
in FIG. 15, and explanation of them will not be unneces-
sarily repeated.

In the example shown 1n FIG. 16, a position that faces the
approximate center position on the left edge 1n the drawing
of the exposed speaker 362-3 i1s set as a position P21, and a
position that 1s located substantially in the middle between
the position P21 and the upper end of the speaker 362-3 in
the drawing 1s set as a position P22.

In addition to that, the vertex portion on the leftmost side
of the upper end of the speaker 362-3 1n the drawing 1s set
as a position P23, and a position located above the position
P23 1n the drawing 1s set as a position P24.

Here, the positions P21 through P24 are the same posi-
tions 1n the lateral direction or the short-side direction 1n the
drawing, and these positions P21 through P24 are aligned at
regular intervals in the vertical direction or the long-side
direction 1n the drawing.

All the three speakers 362 were made to output sound 1n
the state shown 1n FIG. 15, which 1s a state 1n which part of
the speaker 362-3 1s exposed through the shielding member
361. Frequency measurement was then carried out at the
respective positions of the positions P21 through P24 shown
in FIG. 16. As a result, the measurement results shown 1n
FIGS. 17 and 18 were obtained, for example. Note that, 1n
FIGS. 17 and 18, the ordinate axis indicates sound pressure,
and the abscissa axis indicates frequency.

FIG. 17 shows the results of measurement carried out at
the respective positions when the width of the exposed
region of the speaker unit 363 1n the short-side direction was
5> cm. Specifically, curves L41 through .44 indicate the
results of sound pressure measurement at the positions P21
through P24.

Further, FIG. 18 shows the results of measurement carried
out at the respective positions when the width of the exposed
region of the speaker unit 363 1n the short-side direction was
2.5 cm. Specifically, curves L51 through .54 indicate the
results of sound pressure measurement at the positions P21
through P24.

As can be seen from comparisons between the measure-
ment results shown 1n FIG. 17 and the measurement results
shown 1 FIG. 18, the frequency characteristics achieved
when the width of the exposed region was 2.5 cm as shown
in FI1G. 18 have larger decreases 1n the sound pressure 1n the
high-frequency range at the position P23 and the position
P24 than those of the frequency characteristics achieved
when the width of the exposed region was 5 cm as shown 1n
FIG. 17. That 1s, 11 the width of the exposed region in the
lateral direction in FIG. 15 becomes smaller, and the
exposed region becomes longer 1n the vertical direction, the
directivity of sound 1n the long-side direction of the exposed
region, or in the vertical direction 1n FIG. 15, becomes
higher 1n the high frequency range.

On the other hand, at the positions P21 and P22, there 1s
no significant difference 1n measurement results between the
case where the width of the exposed region was 5 cm and the
case where the width was 2.5 cm.

When the measurement results in the case where the
width of the exposed region was 5 cm are compared with the
measurement results in the case where the width of the
exposed region was 2.5 cm as described above, sound with
attenuated sound pressure 1n the high-frequency range 1is
clearly heard 11 the width of the exposed region 1s changed
at a position far from the center of the exposed region 1n the
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long-side direction. Theretfore, it 1s possible to make the
listener feel more clearly such directivity that the sound
source 1s not directed to the listener.

As can be seen from the above, 1n a case where part of the
speaker unit 363 1s exposed, the directivity 1s high in the
longitudinal direction of the exposed region, while the
directivity 1s low 1n the short direction 1n which sound tends
to spread.

Theretfore, in the sound reproducing apparatus 261 shown
in FIG. 11, the speaker unit 25 1s moved in accordance with
instruction information, so that the shape and the size of the
exposed region are changed. Thus, the direction in which
directivity 1s given, the intensity of the directivity, and
increase/decrease 1n sound pressure can be controlled.

Meanwhile, the above described series of processes may
be performed by hardware or may be performed by software.
Where the series of processes are to be performed by
software, the program that forms the software 1s installed
into a computer. Here, the computer may be a computer
incorporated into special-purpose hardware, or may be, for
example, a general-purpose computer or the like that can
execute various kinds of functions 1f various kinds of
programs are installed thereinto.

FIG. 19 15 a block diagram showing an example configu-
ration of the hardware of a computer that performs the above
described series of processes 1n accordance with a program.

In the computer, a central processing unit (CPU) 501, a
read only memory (ROM) 3502, and a random access
memory (RAM) 503 are connected to one another by a bus
504.

An mput/output interface 505 1s further connected to the
bus 504. An input unit 506, an output unit 307, a recording
unit 508, a communication unit 509, and a drive 510 are
connected to the mput/output interface 503.

The mput unit 506 1s formed with a keyboard, a mouse,
a microphone, an 1maging device, and the like. The output
unit 507 1s formed with a display, a speaker, and the like. The
recording unit 508 1s formed with a hard disk, a nonvolatile
memory, or the like. The communication unit 509 1s formed
with a network interface or the like. The drive 510 drives a
removable recording medium 511 such as a magnetic disc,
an optical disc, a magnetooptical disc, or a semiconductor
memory.

In the computer having the above configuration, the CPU
501 loads a program recorded on the recording unit 508 into
the RAM 503 via the input/output interface 505 and the bus
504, for example, and executes the program, so that the
above described series of processes are performed.

The program to be executed by the computer (the CPU
501) may be recorded on the removable recording medium
511 as a packaged medium and the like, and be then
provided, for example. Alternatively, the program can be
provided via a wired or wireless transmission medium, such
as a local area network, the Internet, or digital satellite
broadcasting.

In the computer, the program can be installed into the
recording unit 508 via the mput/output interface 505 when
the removable recording medium 511 1s mounted on the
drive 510. The program can also be received by the com-
munication unit 509 via a wired or wireless transmission
medium, and be installed mto the recording unit 508.
Alternatively, the program may be 1nstalled beforehand 1nto
the ROM 502 or the recording unit 508.

It should be noted that the program to be executed by the
computer may be a program for performing processes 1n
chronological order i1n accordance with the sequence
described 1n the present specification, or may be a program

10

15

20

25

30

35

40

45

50

55

60

65

34

for performing processes in parallel or performing a process
when necessary, such as when there 1s a call.

Further, embodiments of the present technology are not
limited to the above described embodiments, and various
modifications may be made to them without departing from
the scope of the present technology.

For example, the present technology can be embodied 1n
a cloud computing configuration in which one function 1is
shared among a plurality of devices via a network, and

processing 1s performed by the devices cooperating with one
another.

Further, the respective steps described with reference to
the above described flowcharts can be carried out by one
device or can be shared among a plurality of devices.

Furthermore, in a case where more than one process 1s
included in one step, the plurality of processes included 1n
the step can be performed by one device or can be shared
among a plurality of devices.

In addition, the advantageous ellects described in this
specification are merely examples, and the advantageous
ellects of the present technology are not limited to them and
may include other effects.

Further, the present technology may also be embodied 1n
the configurations described below.

(1)

A sound reproducing apparatus including:

an amplification unit that amplifies an acoustic signal;

a plurality of electroacoustic transducers that output
sound 1n accordance with the acoustic signal output from the
amplification unit, the electroacoustic transducers having
characteristics of a capacitive load; and

a switching unit that switches connections of the elec-
troacoustic transducers to the amplification unit, to connect
one or a plurality of electroacoustic transducers among the
plurality of electroacoustic transducers to the amplification
unit.

(2)

The sound reproducing apparatus according to (1), further
including

an 1nstruction unit that outputs instruction information for
controlling directivity,

in which the switching unit switches connections of the
clectroacoustic transducers 1n accordance with the instruc-
tion information.

(3)

The sound reproducing apparatus according to (1) or (2),
in which the switching unit connects a plurality of the
clectroacoustic transducers 1n parallel to the amplification
u

nit.

(4)

The sound reproducing apparatus according to (2), further
including

a signal processing unit that performs signal processing
on the acoustic signal, in accordance with the instruction
information.

(3)

The sound reproducing apparatus according to (4), 1n
which, 1n accordance with the instruction information, the
signal processing unit performs the signal processing
depending on characteristics, the number, or positions of the
clectroacoustic transducers connected to the amplification
unit by the switching unit.

(6)

The sound reproducing apparatus according to (4) or (3),
in which, in accordance with the instruction information, the
signal processing unit further performs a protection process
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to protect the electroacoustic transducers connected to the
amplification unit by the switching unait.

(7)

The sound reproducing apparatus according to (6), in

which the signal processing unit performs a process of

attenuating a component of the acoustic signal as the pro-
tection process, the component being not lower than a
predetermined frequency.

(8)

The sound reproducing apparatus according to any of (1)
to (7), turther including

an electroacoustic transduction unit formed with a plu-
rality of subunits overlapped on one another, each of the
subunits being formed with a plurality of the electroacoustic
transducers aligned,

in which the switching unit switches connections of the
clectroacoustic transduction unit, to connect one or a plu-
rality of electroacoustic transducers among the electroacous-
tic transducers constituting the electroacoustic transduction
unit to the amplification unat.

)

The sound reproducing apparatus according to (2), further
including

a detection unit that detects a user near the sound repro-
ducing apparatus,

in which the instruction unit outputs the instruction infor-
mation corresponding to a result of the detection performed
by the detection unait.

(10)

A sound reproduction method implemented 1n a sound
reproducing apparatus mncluding:

an amplification unit that amplifies an acoustic signal;

a plurality of electroacoustic transducers that output
sound 1n accordance with the acoustic signal output from the
amplification unit, the electroacoustic transducers having
characteristics of a capacitive load; and

a switching unit that switches connections of the elec-
troacoustic transducers to the amplification umit, to connect
one or a plurality of electroacoustic transducers among the
plurality of electroacoustic transducers to the amplification
unit,
the sound reproduction method including steps of:
the amplification unit amplifying the acoustic signal;
the switching unit switching connections of the electroa-
coustic transducers; and

the electroacoustic transducers outputting sound 1n accor-
dance with the acoustic signal.

(11)

A program for causing a computer to perform a process,

the computer controlling a sound reproducing apparatus
including:

an amplification unit that amplifies an acoustic signal;

a plurality of electroacoustic transducers that output
sound 1n accordance with the acoustic signal output from the
amplification unit, the electroacoustic transducers having
characteristics of a capacitive load; and

a switching unit that switches connections of the elec-
troacoustic transducers to the amplification umt, to connect
one or a plurality of electroacoustic transducers among the
plurality of electroacoustic transducers to the amplification
unit,

the process including steps of:

causing the amplification unit to amplily the acoustic
signal;

causing the switching unit to switch connections of the
electroacoustic transducers; and
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causing the electroacoustic transducers to output sound 1n
accordance with the acoustic signal.

(12)

A sound reproducing apparatus including:

an amplification unit that amplifies an acoustic signal;

an electroacoustic transduction unit that has characteris-
tics of a capacitive load, and outputs sound 1n accordance
with the acoustic signal output from the amplification unait;
and

a movable unit that moves the electroacoustic transduc-
tion unit.

(13)

The sound reproducing apparatus according to (12), fur-
ther including

an 1nstruction unit that outputs instruction information for
controlling directivity,

in which the movable unit moves the electroacoustic
transduction unit 1n accordance with the instruction infor-
mation.

(14)

The sound reproducing apparatus according to (12) or
(13), 1n which the electroacoustic transduction unit 1s mov-
able at least 1n a first direction and a second direction
perpendicular to each other.

(15)

The sound reproducing apparatus according to any of (12)
to (14), 1n which

the electroacoustic transduction unit 1s disposed to hide
part of or all the electroacoustic transduction unit behind a
shielding member when viewed from a predetermined direc-
tion, and

the movable unit changes a relative position of the elec-
troacoustic transduction unit with respect to the shielding
member.

(16)

The sound reproducing apparatus according to any of (12)
to (15), in which

the electroacoustic transduction unit includes a plurality
ol electroacoustic transducers that output sound 1n accor-
dance with the acoustic signal output from the amplification
umt, the electroacoustic transducers having characteristics
ol a capacitive load, and

the sound reproducing apparatus further includes

a switching unit that switches connections of the elec-
troacoustic transducers to the amplification unit, to connect
one or a plurality of electroacoustic transducers among the
plurality of electroacoustic transducers to the amplification
unit.

(17)

The sound reproducing apparatus according to (16), 1n
which the electroacoustic transduction unit 1s formed with a
plurality of subunits overlapped on one another, each of the

subunits being formed with a plurality of the electroacoustic
transducers aligned.

(18)

The sound reproducing apparatus according to (13), fur-
ther including

a detection umt that detects a user near the sound repro-
ducing apparatus,

in which the instruction unit outputs the instruction infor-
mation corresponding to a result of the detection performed
by the detection unat.

(19)

The sound reproducing apparatus according to (13) or
(18), further including
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a signal processing unit that performs signal processing
on the acoustic signal, in accordance with the instruction
information.

(20)

A sound reproduction method implemented 1n a sound
reproducing apparatus including:

an amplification unit that amplifies an acoustic signal;

an electroacoustic transduction unit that has characteris-
tics of a capacitive load and outputs sound in accordance
with the acoustic signal output from the amplification unait;
and

a movable unmit that moves the electroacoustic transduc-
tion unit,
the sound reproduction method including steps of:
the amplification unit amplifying the acoustic signal;
the movable unit moving the electroacoustic transduction
unit; and

the electroacoustic transduction unit outputting sound 1n
accordance with the acoustic signal.

(21)

A program for causing a computer to perform a process,

the computer controlling a sound reproducing apparatus
including:

an amplification unit that amplifies an acoustic signal;

an electroacoustic transduction unit that has characteris-
tics of a capacitive load and outputs sound 1n accordance
with the acoustic signal output from the amplification unait;
and

a movable unmit that moves the electroacoustic transduc-
tion unit,

the process including steps of:

causing the amplification unit to amplify the acoustic
signal;

causing the movable unit to move the electroacoustic
transduction unit; and

causing the electroacoustic transduction unit to output
sound 1n accordance with the acoustic signal.

REFERENCE SIGNS LIST

11 Sound reproducing apparatus

21 Instruction unit

23 Amplifier

24 Switching unit

25 Speaker unit

31 Acoustic characteristics correction unit
32 High-frequency protection unit

51-1 through 351-7, 51 Speaker

261 Sound reproducing apparatus

271 Sensor

272 Instruction information generation unit
273 Movable unit

The 1nvention claimed 1s:

1. A sound reproducing apparatus comprising:

an amplification unit that amplifies an acoustic signal;

a plurality of electroacoustic transducers that output
sound 1n accordance with the acoustic signal output
from the amplification unit, the electroacoustic trans-
ducers having characteristics of a capacitive load; and

a switching unit that switches connections of the elec-
troacoustic transducers to the amplification unit, to
connect one or a plurality of electroacoustic transducers
among the plurality of electroacoustic transducers to
the amplification unit.

2. The sound reproducing apparatus according to claim 1,

turther comprising
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an 1nstruction unit that outputs instruction information for
controlling directivity,

wherein the switching unit switches connections of the
clectroacoustic transducers i1n accordance with the
instruction information.

3. The sound reproducing apparatus according to claim 2,

further comprising

a signal processing unit that performs signal processing
on the acoustic signal, 1n accordance with the instruc-
tion 1nformation.

4. The sound reproducing apparatus according to claim 3,
wherein, 1n accordance with the instruction information, the
signal processing unit performs the signal processing
depending on characteristics, the number, or positions of the
clectroacoustic transducers connected to the amplification
unit by the switching unit.

5. The sound reproducing apparatus according to claim 3,
wherein, 1n accordance with the 1nstruction information, the
signal processing unit further performs a protection process
to protect the electroacoustic transducers connected to the
amplification unit by the switching unait.

6. The sound reproducing apparatus according to claim 3,
wherein the signal processing unit performs a process of
attenuating a component of the acoustic signal as the pro-
tection process, the component being not lower than a
predetermined frequency.

7. The sound reproducing apparatus according to claim 2,
further comprising

a detection umt that detects a user near the sound repro-
ducing apparatus,

wherein the instruction unit outputs the mstruction infor-
mation corresponding to a result of the detection per-
formed by the detection unait.

8. The sound reproducing apparatus according to claim 1,
wherein the switching umt connects a plurality of the
clectroacoustic transducers 1n parallel to the amplification
unit.

9. The sound reproducing apparatus according to claim 1,
further comprising,

an electroacoustic transduction unit formed with a plu-
rality of subunits overlapped on one another, each of
the subunits being formed with a plurality of the
clectroacoustic transducers aligned,

wherein the switching unit switches connections of the
electroacoustic transduction unit, to connect one or a
plurality of electroacoustic transducers among the elec-
troacoustic transducers constituting the electroacoustic
transduction unit to the amplification unait.

10. A sound reproduction method implemented in a sound

reproducing apparatus including:

an amplification unit that amplifies an acoustic signal;

a plurality of electroacoustic transducers that output
sound 1n accordance with the acoustic signal output
from the amplification unit, the electroacoustic trans-
ducers having characteristics of a capacitive load; and

a switching unit that switches connections of the elec-
troacoustic transducers to the amplification unit, to
connect one or a plurality of electroacoustic transducers
among the plurality of electroacoustic transducers to
the amplification unit,

the sound reproduction method comprising steps of:

the amplification unit amplifying the acoustic signal;

the switching unit switching connections of the electroa-
coustic transducers; and

the electroacoustic transducers outputting sound 1n accor-
dance with the acoustic signal.
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11. A non-transitory computer readable medium storing
instructions that, when executed by a computer, perform a
process for controlling a sound reproducing apparatus, the
sound reproducing apparatus including:

an amplification unit that amplifies an acoustic signal;

a plurality of electroacoustic transducers that output
sound 1n accordance with the acoustic signal output
from the amplification unit, the electroacoustic trans-
ducers having characteristics of a capacitive load; and

a switching unit that switches connections of the elec-
troacoustic transducers to the amplification unit, to
connect one or a plurality of electroacoustic transducers
among the plurality of electroacoustic transducers to
the amplification unit,

the process including steps of:

causing the amplification unit to amplify the acoustic
signal;

causing the switching unit to switch connections of the
electroacoustic transducers; and

causing the electroacoustic transducers to output sound in
accordance with the acoustic signal.

12. A sound reproducing apparatus comprising:

an amplification unit that amplifies an acoustic signal;

an electroacoustic transduction unit that has characteris-
tics of a capacitive load, and outputs sound 1n accor-
dance with the acoustic signal output from the ampli-
fication unait:

a movable umt that moves the electroacoustic transduc-
tion unit; and

an 1nstruction unit that outputs instruction information for
controlling directivity,

wherein the movable unit moves the electroacoustic trans-
duction unit 1n accordance with the instruction infor-
mation.

13. The sound reproducing apparatus according to claim
12, wherein the electroacoustic transduction unit 1s movable
at least 1n a first direction and a second direction perpen-
dicular to each other.

14. The sound reproducing apparatus according to claim
12, wherein

the electroacoustic transduction unit 1s disposed to hide
part of or all the electroacoustic transduction unit
behind a shielding member when viewed from a pre-
determined direction, and

the movable unit changes a relative position of the elec-
troacoustic transduction unit with respect to the shield-
ing member.

15. The sound reproducing apparatus according to claim

12, wherein

the electroacoustic transduction unit includes a plurality
of electroacoustic transducers that output sound 1in
accordance with the acoustic signal output from the
amplification unit, the electroacoustic transducers hav-
ing characteristics of a capacitive load, and

the sound reproducing apparatus further comprises

a switching unit that switches connections of the elec-
troacoustic transducers to the amplification unit, to
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connect one or a plurality of electroacoustic transducers
among the plurality of electroacoustic transducers to
the amplification unit.

16. The sound reproducing apparatus according to claim
15, wherein the electroacoustic transduction unit 1s formed
with a plurality of subunits overlapped on one another, each
of the subunits being formed with a plurality of the elec-
troacoustic transducers aligned.

17. The sound reproducing apparatus according to claim
12, further comprising

a detection umt that detects a user near the sound repro-

ducing apparatus,

wherein the instruction unit outputs the nstruction infor-

mation corresponding to a result of the detection per-
formed by the detection unit.

18. The sound reproducing apparatus according to claim
12, further comprising

a signal processing unit that performs signal processing

on the acoustic signal, 1n accordance with the instruc-
tion 1nformation.

19. A sound reproduction method implemented 1n a sound
reproducing apparatus including:

an amplification unit that amplifies an acoustic signal;

an electroacoustic transduction umit that has characteris-

tics of a capacitive load and outputs sound 1n accor-
dance with the acoustic signal output from the ampli-
fication unit;

a movable unit that moves the electroacoustic transduc-

tion unit; and

an 1struction unit that outputs nstruction information for

controlling directivity,

the sound reproduction method comprising steps of:

the amplification unit amplifying the acoustic signal;

the movable unit moving the electroacoustic transduction

unit 1n accordance with the instruction information; and
the electroacoustic transduction unit outputting sound 1n
accordance with the acoustic signal.

20. A non-transitory computer readable medium storing
instructions that, when executed by a computer, perform a
process for controlling a sound reproducing apparatus, the
sound reproducing apparatus including;

an amplification unit that amplifies an acoustic signal;

an electroacoustic transduction unit that has characteris-

tics ol a capacitive load and outputs sound 1n accor-
dance with the acoustic signal output from the ampli-
fication unait:

a movable unit that moves the electroacoustic transduc-

tion unit; and

an 1struction unit that outputs nstruction information for

controlling directivity,

the process including steps of:

causing the amplification unit to amplify the acoustic

signal;

causing the movable unit to move the electroacoustic

transduction unit in accordance with the instruction
information; and

causing the electroacoustic transduction unit to output

sound 1n accordance with the acoustic signal.
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